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Following the successful OPTIMAX summer school held 
in Salford, 2013, we organised another OPTIMAX summer 
school in Lisbon during August, 2014. Sixty six people par-
ticipated, comprising PhD, MSc and BSc students as well as 
tutors from the 5 European partners. Professional mix was 
drawn from engineering, medical physics / physics, radiog-
raphy and occupational therapy. The summer school was 
hosted by the Lisbon School of Health Technology, Polytech-
nic Institute of Lisbon, Portugal. It was funded by Erasmus, 
aside one additional student who was funded by Nuffield. 
The summer school comprised of lectures and group work 
in which experimental research projects were conducted in 
six teams. Team project focus varied, with two concentrating 
on iterative reconstruction (CT), one into interface pressure 

mapping (between human body and imaging couch) whilst 
the remaining three focused to determining ways to reduce 
dose whilst preserving image quality for different projection 
radiography procedures. The summer school culminated in 
a conference, in which each team presented two oral papers. 
One paper reviewed the literature on their area of interest, 
whilst the other considered their experimental findings. The 
oral papers were also presented in written format, in journal 
article style, and after editing they have been included within 
this book. At the time of editing this book, several of the 
experimental papers had been submitted to conferences and 
some lecturers have commenced development work in order 
to make them fit for submission to journals.
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Introduction

Medical imaging is a powerful diagnostic tool. Conse-
quently, the number of medical images taken has increased 
vastly over the past few decades. The most common medical 
imaging techniques use X-radiation as the primary inves-
tigative tool. The main limitation of using X-radiation is 
associated with the risk of developing cancers. Alongside 
this, technology has advanced and more centres now use CT 
scanners; these can incur significant radiation burdens com-
pared with traditional X-ray imaging systems. The net effect 
is that the population radiation burden is rising steadily. Risk 
arising from X-radiation for diagnostic medical purposes 
needs minimising and one way to achieve this is through 
reducing radiation dose whilst optimising image quality.

All ages are affected by risk from X-radiation however 
the increasing population age highlights the elderly as a new 
group that may require consideration. Of greatest concern 
are paediatric patients: firstly they are more sensitive to radi-
ation; secondly their younger age means that the potential 
detriment to this group is greater.

Containment of radiation exposure falls to a number of 
professionals within medical fields, from those who request 
imaging to those who produce the image. These staff are 
supported in their radiation protection role by engineers, 
physicists and technicians. It is important to realise that 
radiation protection is currently a major European focus 
of interest and minimum competence levels in radiation 
protection for radiographers have been defined through the 
integrated activities of the EU consortium called MEDRA-
PET. The outcomes of this project have been used by the 
European Federation of Radiographer Societies to describe 
the European Qualifications Framework levels for radiog-
raphers in radiation protection. Though variations exist 
between European countries radiographers and nuclear 
medicine technologists are normally the professional groups 
who are responsible for exposing screening populations 

and patients to X-radiation. As part of their training they 
learn fundamental principles of radiation protection and 
theoretical and practical approaches to dose minimisation. 
However dose minimisation is complex – it is not simply 
about reducing X-radiation without taking into account 
major contextual factors. These factors relate to the real 
world of clinical imaging and include the need to measure 
clinical image quality and lesion visibility when applying 
X-radiation dose reduction strategies. This requires the use 
of validated psychological and physics techniques to measure 
clinical image quality and lesion perceptibility.

The OPTIMAX summer school allowed students and 
tutors to experience new ways of optimising dose and image 
quality. The summer school has radiation dose limitation 
and image quality as core themes and it draws on exper-
tise in radiography, radiobiology, psychology and medical 
physics. The target groups for OPTIMAX include under- and 
post-graduate students of diagnostic radiography, nuclear 
medicine technology, biomedical science, engineering and 
physics. Indirect target groups include qualified staff, mainly 
physicists and radiographers.

Assessment of image quality (using physical or visual 
techniques) is a low order task as the results are commonly 
used to infer whether an image is fit for purpose. Image 
quality assessment cannot determine whether the image 
is fit for purpose or not, as higher order observer studies 
are required to determine this. Image quality analyses are 
therefore pseudo measures. Nevertheless image quality 
analyses are common within the literature and practice and 
OPTIMAX 2014 placed a particular emphasis on visual and 
to some extend physical techniques to assess image quality. 
Only one OPTIMAX 2014 study (Cobb Angle) addressed a 
high order task (observer performance), in which vertebral 
angles were assessed. Generally speaking the ROC method-
ologies have been used extensively for such purposes. 
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Iterative Reconstruction in CT

Review Article – An evaluation of SAFIRE’s potential to reduce the dose 
received by paediatric patients undergoing CT: a narrative review

Synnøve Borgea, Nina Campbellb, Ana Gomesc, Aysha M. Raszkowskia, Jan Willem Rookd,  
Audun Sanderuda, Anique Vallingad, Audrey Vouillamoze, Carst Buissinkd

a)	 Department of Health, Radiography, Oslo and Akershus University College of Applied Sciences, Norway 

b)	 School of Health Sciences, University of Salford, United Kingdom

c) 	 Lisbon School of Health Technology (ESTeSL), Portugal

d) 	 Department of Medical Imaging and Radiation Therapy, Hanze University of Applied Sciences, Groningen, The Netherlands 

e) 	 Haute École de Santé Vaud – Filière TRM, University of Applied Sciences and Arts of Western Switzerland, Lausanne, Switzerland
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A B S T R A C T

Introduction: The purpose of this review is to gather and analyse current research publications to 

evaluate Sinogram-Affirmed Iterative Reconstruction (SAFIRE). The aim of this review is to investigate 

whether this algorithm is capable of reducing the dose delivered during CT imaging while maintaining 

image quality. Recent research shows that children have a greater risk per unit dose due to increased 

radiosensitivity and longer life expectancies, which means it is particularly important to reduce the 

radiation dose received by children. 

Discussion: Recent publications suggest that SAFIRE is capable of reducing image noise in CT images, 

thereby enabling the potential to reduce dose. Some publications suggest a decrease in dose, by up to 

64% compared to filtered back projection, can be accomplished without a change in image quality. 

However, literature suggests that using a higher SAFIRE strength may alter the image texture, creating 

an overly ‘smoothed’ image that lacks contrast. Some literature reports SAFIRE gives decreased low 

contrast detectability as well as spatial resolution. Publications tend to agree that SAFIRE strength three 

is optimal for an acceptable level of visual image quality, but more research is required. The importance 

of creating a balance between dose reduction and image quality is stressed. In this literature review 

most of the publications were completed using adults or phantoms, and a distinct lack of literature for 

paediatric patients is noted. 

Conclusion: It is necessary to find an optimal way to balance dose reduction and image quality. More 

research relating to SAFIRE and paediatric patients is required to fully investigate dose reduction 

potential in this population, for a range of different SAFIRE strengths.

I N T R O D U C T I O N

Computed tomography (CT) is valuable for diagnostic 
insight. However, X-ray images taken during CT examina-
tions expose the patient to a high dose of radiation, which 
has the potential to cause cancer.

Recent US cancer risk projections estimate 1 cancer per 

1000 brain CT scans for patients under 5 years of age1; it 
is therefore understandable that radiation dose has been a 
longstanding concern for paediatric patients, particularly 
when multiple scans are required.

One of the possible solutions for dose reduction is the 
use of iterative reconstruction instead of conventional fil-
tered back projection (FBP). Sinogram Affirmed Iterative 
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Reconstruction (SAFIRE), developed by Siemens, is one of 
the newest available iterative algorithms. Based on its noise 
reduction capabilities, it is believed that this algorithm may 
have the potential to significantly reduce dose in children 
undergoing CT scans without sacrificing image quality. 

This review attempts discusses whether SAFIRE is suita-
ble for dose reduction in patients undergoing CT. Our focus 
is to analyse whether dose can be reduced for paediatric 
patients whilst maintaining an image quality that is accept-
able for diagnosis. 

Literature search and review strategy

Literature searching was conducted on several comput-
erised databases (ScienceDirect, PubMed), online journals 
and publishers were also utilised, such as AJR Online and 
Springer.

As SAFIRE is relatively new, published articles available 
are limited. English articles from all years of publishing were 
included in this literature review; dates ranged from 2012 to 
2014. Keywords used whilst searching for literary references 
were: SAFIRE, paediatric, CT. Due to a small number of arti-
cles, research focussing on SAFIRE being used for adults was 
also considered for this review article.

Articles were excluded on the basis of not being related 
to: SAFIRE CT reconstruction, CT exposure for paediatric 
patients and the related risks, comparisons of SAFIRE with 
standard FBP. Most articles related to angiography were also 
excluded due to the use of high-contrast dyes. Ultimately, 
21 articles were selected for inclusion in this review article.

D I S C U S S I O N

CT for paediatric patients

Use of CT has increased in recent years and, according to 
studies by Shah and Brenner et al.2-3, in 2007 there were 62 
million CT examinations taken in the USA; 7 million of which 
were children. This is a concern for paediatric patients and, 
unfortunately, this number is steadily increasing each year.

The risk per unit dose for paediatric patients is greater 
than for adults, and it is a concern that some institutions do 
not lower the exposure for younger patients4. 

There are two reasons why children have a higher risk 
of developing cancer due to radiation exposure. Firstly, the 

life expectancy is longer than in adults. Secondly, children 
have rapidly dividing cells which makes them more sensitive 
to radiation2.

The radiosensitivity of children has been subject to 
debate and it is currently estimated that for 25% of cancer 
types, children are more susceptible than adults, and for 20% 
of tumour types the data is inconclusive5. It has been esti-
mated that a one year old child is as much as ten times more 
susceptible to radiation-induced cancer than an adult4.

In recent years, based on the steadily increasing use of 
CT, more attention has been focussed on trying to reduce 
patient dose. Frush and McCollough et al.6-7 describe differ-
ent strategies that are currently used or have been proposed 
to solve this problem, such as the use of different modalities 
or a reduction in acquisition parameters. Another possibil-
ity is the use of an iterative reconstruction (IR) algorithm 
instead of FBP.

FBP and IR

CT image reconstruction was a longstanding issue of 
debate, mostly because the images created with the original 
technique (back projection) did not have sufficient quality. 
Back projection created projections of the object from 
many angles and the end result was a blurry image. FBP 
was a development of back projection, which additionally 
filtered all of the raw data to minimize artefacts and give 
better overall image quality8. FBP is currently the most used 
reconstruction technique. Unfortunately, this algorithm has 
a trade-off between dose and image quality, which limits by 
how much the dose can be reduced9.

IR techniques generate images using several iterative 
steps to create images that are more precise10, meaning dose 
can be lowered. IR was used in first generation CTs, but 
despite it’s potential for dose reduction, it was dismissed due 
to too much data and too little computer power  available11. 

In the past few years new and improved IR algorithms 
have emerged. Unfortunately there are concerns among 
some radiologists that IR creates a ‘smeared’ effect12, which in 
turn could mean that pathology could go unnoticed. Equally 
there is a perception that there is not yet an IR technique 
which produces better visual (clinical) image quality than 
FBP for a lower dose13. However it is well known that phys-
ical measures of image quality (e.g., noise and CNR) improve 
when using IR.

One of the first generation IR algorithms to be intro-
duced into daily practice was IRIS (Iterative Reconstruction 
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in Image Space, 2009). A study by Hu et al. noted that IRIS 
gave the possibility of 40% dose reduction while maintaining 
image quality. Unfortunately, the time needed to reconstruct 
the images was 4-5 times longer than for FBP14,  making IRIS 
difficult to use clinically. 

SAFIRE 

The Sinogram-Affirmed Iterative Reconstruction algo-
rithm is a new technique developed by Siemens, and it has 
been widely considered innovative in comparison to its 
predecessors15. SAFIRE uses both projection space data and 
image space data to reconstruct images quickly with high 
spatial resolution. There are currently five different strengths 
of SAFIRE that can be utilised, with SAFIRE 5 being the 
highest16.

One of the earliest publications (Schulz et al.17) relating 
to SAFIRE tested all five of the strengths, for soft and hard 
kernels, for CT slices of 1 mm and 3 mm. It was suggested 
that SAFIRE performed best in the bony kernel and that 
SAFIRE 5 had the greatest noise reduction potential, with 
noise being reduced by 15-85%. A similar result was found 
in the publication of Wang et al.9, who also found that noise 
was reduced in SAFIRE images. Furthermore, they compared 
full-dose FBP images with half-dose SAFIRE 3 images and 
concluded the noise to be of the same level, suggesting that 
SAFIRE had a great potential for dose reduction whilst main-
taining image quality.

This potential was furthered by a study conducted by 
Kalmar et al. who investigated the use of SAFIRE for thoracic 
and abdominal CTs for standard dose FBP and reduced dose 
IR18. Subjectively, both images received approximately the 
same image quality ratings. It was evaluated that an average 
dose reduction of 64% and 58% was achieved for thoracic 
and abdominal CTs respectively. Similarly, Baker et al.19 
found that SAFIRE created images with less noise at 70% and 
50% dose when compared to FBP at 100%. It was concluded 
that SAFIRE could create images with higher CNR at lower 
doses. However, for low-dose and low-contrast images, 
objects were invisible. Thus, Baker et al. emphasised a need 
for finding a balance between dose and image quality.

On the other hand, a study by Bratanova et al. concluded 
that low contrast detectability was higher with SAFIRE than 
FBP, and it increased with SAFIRE strength. They used two 
phantoms (low and high contrast), where one part simulated 
lesion-free background and with another part simulating 
hypodense lesions. The results showed that not only did 
SAFIRE produce images with lower noise, but also equal 
spatial resolution compared to FBP20. 

The diagnostic accuracy of SAFIRE was also studied by 
Moscariello et al. This study used full dose FBP and half dose 
SAFIRE images. Half dose images were created using 50% of 
the raw data containing the full dose projections. The results 
stated that SAFIRE had higher CNR and lower noise. At the 
same time, image quality was equal or better than that of 
FBP. This allows for a possible dose reduction of 50% (FBP: 
6.4 ± 4.3 mSv and SAFIRE: 3.2 ± 2.1 mSv)21.

A phantom-based study by Ghetti et al.15 suggested that 
the quality-dose balance recommended by Baker19 could be 
achieved by utilising the different strengths of SAFIRE. A 
noise-power-spectrum (NPS) showed that SAFIRE 4 and 
SAFIRE 5 performed better at lower frequencies, and con-
cluded that this could be the compromise for dose and image 
quality in SAFIRE. Furthermore, a study conducted by Yang 
et al.22 tested all strengths of SAFIRE for low dose lung CT 
images and determined that a higher strength did not nec-
essarily mean a greater image quality, even though the noise 
decreased. This was because the higher strengths altered 
the texture pattern of the image and resulted in unfamiliar 
image impressions, such as blotchy artefacts in sharp transi-
tion zones due to excessive smoothing. Yang et al. concluded 
that SAFIRE 3 was optimal for the lung. Similarly, a second 
study23 investigated SAFIRE 3 and SAFIRE 4 for lung CTs for 
patients with mean BMI of 22.7 and 25.8 kg/m2 respectively, 
and found that all 120 datasets were feasible for analysis. 
Diagnostic image quality was assessed as 100% and 98% for 
SAFIRE at 100 kVp and 80 kVp, an improvement from the 
96% and 88% assessed for FBP. Subsequently, doses of 0.7 
mSv and 0.4 mSv were deemed acceptable for diagnostic 
imaging with the use of SAFIRE, further suggesting that indi-
vidually selecting the strength level for IR is advantageous.

Following this, another experiment performed by Lee 
et al. tested to see if an ultra low dose CT (ULDCT) of 0.3 
mSv reconstructed using SAFIRE was achievable. This was 
compared with a reduced dose CT (RDCT) of 2.9 mSv.  It 
was found that 91.9% of ULDCT and 100% of RDCT were 
considered sufficient for diagnosis24. However, patients with 
a BMI of less than 25 had a greater success rate of 95% for 
SAFIRE, thus agreeing with the previous study. From the 
results of the previous study, completed on adults, it could be 
implied that SAFIRE’s ability is greatly affected by selecting 
the relevant strength depending on patient size or BMI. This 
could concern paediatric patients due to their smaller sizes 
and smaller BMI. However, studies assessing SAFIRE’s use 
with children for a range of BMIs or sizes are limited.

Han et al. studied the use of SAFIRE for cardiac CT 
datasets, for patients with a mean age of 4.1 years25. They 
adjusted the kVp according to the weight of the patient: 80 
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kVp if under 65 kg, 100 kVp if above. Their results were in 
agreement with previous studies; there was little to no dif-
ference in diagnostic quality of FBP versus SAFIRE images, 
and IR images had a decrease in noise and an increase of 
SNR and CNR. Effective dose and SAFIRE strength used 
was not reported.

The strength of SAFIRE frequently goes unmentioned 
in articles, and so it is challenging to predict which strength 
might be the most efficient for younger patients. Based on 
aforementioned studies it might be concluded that SAFIRE 
2 or SAFIRE 3 would be best, depending on patient size. Kim 
et al.26 investigated SAFIRE strengths 2, 3 and 4 specifically, 
for paediatric abdominal CT patients with a range of kVp 
and mAs. SAFIRE 3 was concluded as optimal for subjective 
image quality but SAFIRE 4 was optimal for objective image 
quality, thus agreeing with previously mentioned studies 
relating to the lung. It is suggested that the mid-strengths 
(2, 3 or 4) tend to rate higher for physical and visual image 
quality measures, due to SAFIRE 5 becoming too blurred. 

According to the study the possibility of 64.2% dose reduc-
tion exists for paediatric abdominal patients. 

C O N C L U S I O N

It can be concluded that SAFIRE can significantly reduce 
noise in images in comparison to FBP. Multiple articles have 
stated the potential of SAFIRE for significant dose reduction, 
with most implying a capability of reducing dose by around 50%.

Overall, SAFIRE does have the potential to significantly 
reduce dose delivered to paediatric patients undergoing CT. 
However, more research is required to study the extent at 
which the dose can be reduced, as articles relating to paedi-
atric patients are limited. It is also imperative to further test 
different strengths of SAFIRE, particularly at lower levels 
of kVp and mAs, for paediatric patients in order to test the 
effects on image quality and dose reduction.
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A B S T R A C T 

Objectives: Children have a greater risk from radiation, per unit dose, due to increased radiosensitivity and 

longer life expectancies. It is of paramount importance to reduce the radiation dose received by children.  

This research concerns chest CT examinations on paediatric patients. The purpose of this study was to 

compare the image quality and the dose received from imaging with images reconstructed with filtered 

back projection (FBP) and five strengths of Sinogram-Affirmed Iterative Reconstruction (SAFIRE).

Methods: Using a multi-slice CT scanner, six series of images were taken of a paediatric phantom. Two 

kVp values (80 and 110), 3 mAs values (25, 50 and 100) and 2 slice thicknesses (1 mm and 3 mm) were 

used. All images were reconstructed with FBP and five strengths of SAFIRE. Ten observers evaluated 

visual image quality. Dose was measured using CT-Expo.

Results: FBP required a higher dose than all SAFIRE strengths to obtain the same image quality for 

sharpness and noise. For sharpness and contrast image quality ratings of 4, FBP required doses of 6.4 

and 6.8 mSv respectively. SAFIRE 5 required doses of 3.4 and 4.3 mSv respectively. Clinical acceptance 

rate was improved by the higher voltage (110 kV) for all images in comparison to 80 kV, which required 

a higher dose for acceptable image quality. 3 mm images were typically better quality than 1 mm images.

Conclusion: SAFIRE 5 was optimal for dose reduction and image quality. 

I N T R O D U C T I O N

Chest CTs are one of the most commonly used diagnostic 
imaging techniques for paediatric patients1. Unfortunately, 
radiation dose delivered during a CT examination is con-
cerning, particularly for children, who have a greater risk 
per unit dose2.

The radiosensitivity of children has been subject to 
debate and it is currently estimated that for 25% of cancer 
types, children are more susceptible than adults, and for 
20% of tumour types the data is inconclusive3. It has been 
estimated that a one year old child is as much as ten times 
more susceptible to cancer than an adult2. It is therefore 
understandable that radiation dose has been a longstanding 
concern for paediatric patients, particularly when multiple 

scans are required. 

Various imaging techniques can be used to reduce the 
radiation dose. Sinogram Affirmed Iterative Reconstruction 
(SAFIRE), developed by Siemens, is one of the possible new 
techniques.  It is an alternative to conventional filtered back 
projection (FBP) and has been demonstrated to have signifi-
cant dose reduction potential for adults. It also has the ability 
to decrease noise in the images4. Images are reconstructed 
using two correction loops; one occurs in image space to 
reduce noise, and one utilises sinogram data to correct 
imperfections5.

Iterative reconstruction (IR) techniques typically offer a 
trade-off between dose and image quality. However, SAFIRE 
has been reported by numerous studies to have an equal 
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visual image quality compared to FBP while reducing dose6-8.

This study aims to assess the dose reduction potential of 
SAFIRE for paediatric chest CTs, as compared to FBP, while 
maintaining image quality. To quantify image quality, contrast, 
sharpness, clinical acceptance and image noise were analysed.

M A T E R I A L S  A N D  M E T H O D S

CT protocol

An ATOM® Dosimetry Verification Phantom, modelled 
on the body of a 5 year old patient, was used for CT imaging9. 
Thorax dimensions were 14 x 17 cm and lung inserts with 
spherical targets were utilised. Images were taken with a 
Siemens SOMATOM® Perspective 128 multi-slice CT (MSCT) 
scanner at 110 kV and 80 kV, with mAs values of 25, 50 and 
100. The images were reconstructed with a slice thickness of 
1 mm and 3 mm for each mAs value. We chose to use images 
reconstructed with a soft kernel, as this kernel can increase 
the low-contrast detectability. FBP images were reconstructed 
using the B31s kernel, and SAFIRE images using the I31s filter10.

SAFIRE has five strengths, with SAFIRE 5 being the 
smoothest. The number of interactions is not dependable 
on the strength chosen. Each strength has different levels of 
noise reduction and can create different textures5. To ensure 
that SAFIRE’s potential was fully tested, all five strengths 
were used for reconstruction in this research. Images were 
also reconstructed using FBP for comparison purposes. This 
yielded 72 images for analysis in total.

The imaging and reconstruction processes were performed 
by Siemens, who then provided the images for analysis.

Visual analysis

Ten observers were chosen to review the images, nine of 
which were graduate or qualified radiographers with varying 
levels of experience. One observer was a medical physicist.

Images were rated visually based on sharpness, con-
trast and noise. Each image was reviewed individually 
and the observers rated contrast and sharpness on a 5 
point Likert scale (1 = poor, 2 = fair, 3 = moderate, 4 = 
good, 5 = extreme). Noise was rated on a 3 point scale (1 
= noise affects the interpretation, 2 = acceptable noise, 
3 = very little noise). Observers were also asked whether 
they deemed the image clinically acceptable for diagnostic 
purposes. Images were displayed using ViewDex, on a 30” 

monitor with a resolution of 1440 x 900, for CT images 
with a matrix of 512 x 512.

Each image was randomised and rated individually; they 
were not compared with each other. This was done in hopes 
of achieving a quality score for each image while minimising 
bias. The observers rated each image twice, in separate sessions.

Dose analysis

Dose was measured using CT-Expo v2.3.1, using a ‘child’ 
age group and a scan range of 22 to 44 cm. The scanner 
model was input as Siemens and scanner as ‘perspective 
series’. The mode was ‘spiral mode’. Dose was calculated for 
each combination of mAs and kV.

Parameters were entered into CT-Expo (kV, mAs, slice 
thickness) and effective dose (mSv), organ dose, CT dose 
index (CTDI) and dose length product (DLP) were calculated 
using the ICRP 103 method.

Statistical analysis data

Statistical analysis was performed using SPSS. Differ-
ences between techniques in sharpness and contrast were 
analysed by means of linear regression analysis. A p-value of 
less than 0.05 was considered to be statistically significant. 
The B coefficients (as shown in Tables 1 and 2) were used 
to create formulae for calculating dose for specific image 
qualities and visa versa. The equation used for calculation 
dose was as follows: 

Dose = [IQ	 - (B1×Model1 ) - (B2×Model2 )
		  - (B3×Model3)
		  - (B4×Model4 )
		  - (B5×Model5 ) - constant] 
		  / BDose 

Where model1 was SAFIRE 1, model2 was SAFIRE 2 etc, 
and B1 was the B coefficient corresponding to SAFIRE 1 etc. 
Dose could be calculated using image quality.

Image Quality (IQ) =	 (Dose×BDose )+ (B1×Model1 )
				    +(B2×Model2 )+ (B3×Model3 )
				    + (B4×Model4 )+ (B5×Model5 )
				    + constant 

Image noise and clinical acceptability were evaluated 
using acceptance percentage. Scores of 2 and 3 were counted 
as acceptable for noise.
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R E S U L T S

Image sharpness and contrast

Linear regression was calculated with respect to both 
sharpness and contrast. The outcomes of the linear regres-
sion are shown in Figures 1 and 2.

An equation to calculate the effect of the dose on image 
quality for FBP- and all of the SAFIRE-reconstructions was 
formed using the B-value coefficients. This correlation is 
shown by Figures 1 and 2. It can be seen that FBP always 
required a higher dose to achieve the same image quality 
as SAFIRE. Relating to contrast, an image quality score of 
4 required a dose of 3.4 mSv for SAFIRE 5 reconstruction. 
FBP required a dose of 6.8 mSv. For sharpness-related image 
quality, a rating of 4 using SAFIRE 5 required 4.4 mSv 
whereas FBP needed 6.4 mSv. 

Table 3 shows the dose reduction potential while 

maintaining an image quality of 4 for all reconstruction 
techniques.

Image noise

The visual ratings regarding image noise are shown in 
Table 4. Percentages include noise ratings of average and 
less than average (scores of 2 and 3). The table shows that for 
80 kV and 1.2 mSv, 100% of observers evaluated SAFIRE 5 
images to have acceptable noise levels. In comparison, only 
55% of observers rated FBP reconstructed images as accept-
able. It can also be seen that slice thickness generally affects 
the amount of noise in the images. When comparing FBP 
images with 80 kV and 2.4 mSv, the acceptance level raised 
by 45% between 1 and 3 mm.

110 kV greatly improves noise ratings in comparison 
to 80 kV. The difference between FBP and all strengths of 
SAFIRE is almost non-existent at this voltage. All 3 mm 
images were rated to have acceptable noise by at least 90% 
of observers.

Table 1: Statistical significance of SAFIRE for sharpness

Figure 1: linear regression for sharpness for SAFIRE and FBP.

Figure 2: linear regression for contrast for SAFIRE and FBP.
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Clinical acceptability

The visual ratings regarding the clinical acceptability are 
shown in table 5.

It appears that SAFIRE and FBP are equally accepted at 

110 kV with doses of 3 and 6 mSv. For 80 kV, SAFIRE con-
sistently has a higher percentage of acceptance than FBP, 
particularly for the higher doses. Higher strengths of SAFIRE 
are also generally more clinically acceptable for lower doses, 
but SAFIRE strengths 2, 3 and 4 also receive good scores for 
slightly higher doses.

Table 3: Dose reduction (mSv) for SAFIRE strengths compared with FBP

Table 4: Percentage of observers who scored noise as acceptable or better 

D I S C U S S I O N

It is suggested that SAFIRE 5 can provide a dose reduc-
tion of 50% in comparison to FBP, as rated according to 
image contrast. For image sharpness, the dose reduction is 
smaller but still significant and is approximately 30%. 

Literature suggests that SAFIRE strengths 3 and 4 are best for 
image quality11-13. Our results suggest that SAFIRE 5 is optimal 

for dose reduction while maintaining image quality. The reason 
for SAFIRE 5 being optimal could be due to the phantom being 
child-sized. Research is limited regarding all SAFIRE strengths 
for paediatric patients and so it is difficult to compare.

Dose reductions for all SAFIRE strengths are shown in 
Table 3. It shows that dose can be reduced by 0.9 to 3.4 mSv, 
depending on the strength of SAFIRE used. SAFIRE 5 always 
has the greatest dose reduction, and also has the best rated 
clinical acceptance for almost all doses.

Table 5: Percentage of observers who scored images as clinically acceptable 
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Previous studies suggested a potential dose reduction 
from 15 to 85% (14), depending on parameters, patient size 
and SAFIRE strength. However, most studies tended to fall 
in the region of around 50%6,12-13,15-17. Our estimated dose 
reduction for SAFIRE 5 is approximately 50%, which agrees 
with other studies.

A linear model was used for data analysis due to meas-
ured dose values suggesting a linear trend. For 80 kV it was 
found that the effective doses were 2.4, 1.2 and 0.6 mSv for 
100, 50 and 25 mAs respectively; this shows that although the 
overall trend might not be linear, for the window of data we 
were considering it was almost perfectly linear. This trend 
continued up to our highest measured dose value of 6.1 
mSv. In reality, the dose and image quality relationship is 
not linear, it is asymptotic. 

Clinical acceptability was higher for 3 mm image slices 
than for 1 mm slices, and increased as the SAFIRE strength 
increased. The higher voltage also had better acceptability 
overall. 3 mm images contain more data than 1 mm images 
which allows for greater noise reduction during reconstruc-
tion. This might not be true for a clinical CT scan because 
there is a possibility that pathologies and anatomical struc-
tures might be overlooked.

For Tables 4 and 5, percentages that end with 5, for 
example 85% and 95%, suggest that one or more observers 
rated images differently during the test and re-test. This 
could be due to user error or could be a sign of decreased 
intra-observer reliability. Observers may have rated images 
differently the second time due to being more acquainted 
with the image rating procedure. Further research is sug-
gested to investigate this phenomenon.

Noise decreased with increasing dose, and there was less 
noise in the 110 kV datasets than in the 80 kV images. All of 
the SAFIRE strengths had acceptable levels of noise for doses 
of 2.4 mSv and above. For the lower doses at 80 kV, the higher 
strengths of SAFIRE performed better. SAFIRE 5 received a 

90% acceptable noise rating for every dose except 0.6 mSv at 
80 kV with 1 mm thickness. SAFIRE 4 was also suitable for 
most doses, and received a percentage score of 90 and above, 
excluding 0.6 mSv at 80 kV for 1 mm and 3 mm thicknesses.

Objective data was analysed and then disregarded, based 
on the fact that results were inconsistent. This is potentially 
due to the field of view in the received images differing. 
Changes in the field of view led to the ROI moving and 
changing in size. This lead to different amount of pixels 
being included which caused anomalous data. 

Visual noise rating was evaluated using a three point 
scale. Linear regression is invalid for a three point scale, 
meaning that it could not be used during the analysis of 
signal to noise ratio. It is expected that dose reduction could 
be calculated if the linear regression was used. 

Further research could utilise more observers, or observ-
ers with a higher level of experience. Also, real clinical images 
could be utilised instead of a phantom; lack of anatomical 
structures makes the evaluation of the images less realistic. 

C O N C L U S I O N

Dose reduction increased with higher SAFIRE strengths. 
SAFIRE 5 was optimal and estimated to have dose reduc-
tions of approximately 30% and 50% relating to sharpness 
and contrast image quality respectively. SAFIRE was most 
effective for dose reduction at lower kV.
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Objective: Summarize all relevant findings in published literature regarding the potential dose reduction 

related to image quality using Sinogram-Affirmed Iterative Reconstruction (SAFIRE) compared to 

Filtered Back Projection (FBP).

Background: Computed Tomography (CT) is one of the most used radiographic modalities in clinical 

practice providing high spatial and contrast resolution. However it also delivers a relatively high 

radiation dose to the patient. Reconstructing raw-data using Iterative Reconstruction (IR) algorithms 

has the potential to iteratively reduce image noise while maintaining or improving image quality of 

low dose standard FBP reconstructions. Nevertheless, long reconstruction times made IR unpractical 

for clinical use until recently.

Siemens Medical developed a new IR algorithm called SAFIRE, which uses up to 5 different strength 

levels, and poses an alternative to the conventional IR with a significant reconstruction time reduction.

Methods: MEDLINE, ScienceDirect and CINAHL databases were used for gathering literature. Eleven 

articles were included in this review (from 2012 to July 2014).

Discussion: This narrative review summarizes the results of eleven articles (using studies on both patients 

and phantoms) and describes SAFIRE strengths for noise reduction in low dose acquisitions while 

providing acceptable image quality.

Conclusion: Even though the results differ slightly, the literature gathered for this review suggests that 

the dose in current CT protocols can be reduced at least 50% while maintaining or improving image 

quality. There is however a lack of literature concerning paediatric population (with increased radiation 

sensitivity). Further studies should also assess the impact of SAFIRE on diagnostic accuracy.

I N T R O D U C T I O N

CT is one of the most used radiographic modalities in 
clinical practice but it also comes with a significant radia-
tion dose to patients. Consequently, this research focused 
on dose reduction, particularly for paediatric examina-
tions. These patients are more susceptible to long-term 
effects of radiation exposure, with higher potential for 
an increased lifetime risk of malignancy.  Filtered back 
projection (FBP) is the standard reconstruction algorithm. 

However IT developments in recent years permit itera-
tive image reconstruction (IR) to become compatible with 
routine clinical practice. 

Sinogram-Affirmed Iterative Reconstruction (SAFIRE) 
is an advanced iterative reconstruction technique recently 
developed by Siemens that requires less computing power 
and uses both FBP and raw data-based iterations. SAFIRE 
estimates the noise caused by fluctuations in neighbour-
ing voxels in the raw-data. It subtracts the noise stepwise 
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in several validation loops. After the first correction loop, 
the result is compared with the original raw-data and an 
updated image is generated for the next iteration leading to 
further noise reduction. Where IR only uses a single correc-
tion loop, SAFIRE uses up to 5 correction loops to further 
decrease image noise1. The level of noise reduction and noise 
texture varies with SAFIRE strength for each reconstruction. 
SAFIRE strength does not translate the number of iterations 
and does not affect reconstruction time2.

The purpose of this review article is to summarize the 
current research comparing SAFIRE and FBP. It inves-
tigates image quality and the potential of dose reduction 
provided by SAFIRE, compared to FBP. Data from articles 
are discussed bearing in mind SAFIRE’s potential for dose 
reduction while maintaining diagnostic image quality.

D A T A  S O U R C E S  A N D  S E A R C H E S

MEDLINE, ScienceDirect and CINAHL data bases were 
searched, using the following key words: comparison, filtered 
back projection, sinogram-affirmed iterative reconstruction, 
dose reduction, paediatric CT, computed tomography, image 
quality. The research equation was: (Computed tomography 
AND sinogram-affirmed iterative reconstruction AND radi-
ation dose AND image quality AND filtered back projection) 
NOT (contrast media). We excluded articles concerning previ-
ous generation iterative reconstruction algorithms and articles 
focusing on cardiac CT on obese patients because of the dif-
ference of size between head examination and those patients.

Eleven articles were included in our review article, dating 
from 2012 to 2014, for examinations of chest, abdomen, head 
and cardiac on anthropomorphic phantoms and adult or pae-
diatric patients. 

M A T E R I A L S  A N D  M E T H O D S

Patients/phantoms

Data came from CT scans performed on patients and phan-
toms. Patients were mainly adults but some studies focused on 
paediatric protocols. Scans were performed on physical and 
anthropomorphic phantoms (chest, head). One study used data 
from both patients and phantom scans for comparison.

Paediatric vs adult protocols

Three articles focused on paediatric examinations, 

“paediatric” denomination including children from 0 to 18 
years old. Two explored cardiac CT and one abdomen. What 
mainly differs from adult studies were tube voltage (70 to 
100-120 kVp) and tube current (lower mAs). Both were gen-
erally adapted to weight, size and age.

Data acquisition

Since all of the data-sets acquired in these studies had to 
be reconstructed with the SAFIRE algorithm, almost all exams 
were performed on the dual-source CT scanner Somatom 
Definition Flash from Siemens. Filtered back projections were 
sometimes acquired on other Siemens equipments.

The range of tube voltage explored was usually 100kVp 
and 120 kVp, sometimes also 80 kVp for ultra low doses. 
Tube current was variable, either fixed (at 25, 50 and 100 
mAs or percentage reduction) or automatically modulated.

Images reconstruction

Acquisitions were reconstructed with FBP and SAFIRE. 
For SAFIRE, either all strengths (S1-S5) were explored or 
median strength like strengths S2 to S4 or S3 (recommended 
by manufacturer)3.

Usually images were reconstructed with a medium 
smooth kernel or smooth and sharp kernels to compare 
changes in image quality.

Image quality analysis

For the physics analysis of image quality, noise and Sig-
nal-to-Noise Ratio (SNR) were the main criteria calculated. 
Contrast and Contrast-to-Noise Ratio (CNR) were less 
often measured. Only one study on phantoms went further 
by examining the Noise Power Spectrum (NPS), the spatial 
resolution, the linearity and accuracy of CT numbers.

For visual analysis, in most of the articles, the images were 
analysed by at least two radiologists with 3 years experience 
or more in a specific radiological field. Further details about 
the method of image analysis were often not provided. Visual 
criteria generally considered image noise (e.g., graininess), 
quality of contour delineation (i.e., sharpness) and general 
impression (i.e., overall image quality). Han et al. (2012)4 
referred to European Image Quality Assessment (i.e., sharp-
ness, noise, noise texture, diagnostic confidence).

For visual analysis, a 4 or 5 point Likert scale is com-
monly used to evaluate image quality. Furthermore Wang 
et al. (2012) used a more precise 4 point scale on anatomic 



OPTIMAX 2014 – radiation dose and image quality optimisation in medical imaging 23

details needed (e.g., level 1: lack of vessel wall definition due 
to marked motion artefact, poor vessel opacification, promi-
nent structural discontinuity, or high image noise rendering 
the segment non-diagnostic).

R E S U L T S

Chest/thorax

Christe et al. (2013)6 conclude that while using SAFIRE 
instead of FBP it was possible to achieve a dose reduction 
of 30, 52 and 80% for bone, soft tissue and air, respectively. 
Image quality was verified objectively using signal, noise and 
contrast measurements. With the same radiation dose, an 
average of 34% more CNR was achieved by changing respec-
tively from FBP to SAFIRE. For the same CNR, an average 
of 59% dose reduction was produced for SAFIRE. The visual 
classification was given by two radiologists. For the same 
visual image quality, the dose could be reduced by 25% using 
SAFIRE. This study only used SAFIRE S3.

Wang et al. (2013)7 explored SAFIRE strengths S2-S4 after 
excluding the extremes (S1 and S5), as they were considered 
to be, respectively, too “noisy” and too “smooth”. The results 
of this study suggests there was no significant difference in 
the objective noise and SNR on mediastinal images between 
full-dose (FD) images reconstructed with FBP and half-dose 
images reconstructed with SAFIRE. But, on lung images, noise 
was significantly lower and SNR was significantly higher in 
half-dose images reconstructed with SAFIRE. Subjective 
image noise was similar on mediastinal and lung images with 
half-dose SAFIRE and full-dose FBP reconstruction. 

Amongst all strengths, SAFIRE S3 had the best results 
for physics and visual image quality. Authors conclude that, 
compared to full-dose CT images reconstructed with the con-
ventional FBP algorithm, SAFIRE with three iterations could 
provide similar or better image quality at 50% less dose. 

Ghetti et al. (2013)10 explored image quality using 3 phan-
toms. Noise was analysed on images reconstructed with all 
5 SAFIRE strengths and a conventional medium-smooth 
kernel. Additionally, on images with strength SAFIRE S3, 
different kernels were selected to evaluate a possible differ-
ence in noise reduction due to the filter applied. For the same 
dose, noise reduction of iterative reconstruction increases 
with the SAFIRE strength applied in a proportional way. 

CT number accuracy and linearity were verified to assess 
SAFIRE reconstructions influences on them. The different 

SAFIRE strengths did not change mean CT values and showed 
no considerable differences from values obtained with FBP. 

Images were reconstructed with three different levels of 
SAFIRE strength (S1, S3, S5) and FBP at 3 different dose 
levels. CNR was measured for all images. CNR is always 
greater for SAFIRE and it increases with the strength of 
SAFIRE applied. But there is no evidence of a significant 
difference between the different filters in the SAFIRE 
outcomes. The spatial resolution was measured through 
different modules with two dose levels (at 120 kVp). Image 
texture changes increased with SAFIRE strength, resulting in 
an overall image quality improvement. Detail edge is sharper 
with less background noise using SAFIRE.

Abdomen

Greffier et al. (2013)8 analysed the data from 10 patients 
who had a normal dose abdominal CT and who then under-
went a second CT scan examination. The first sequence was 
acquired with 30% less mAs than the original CT and the 
second acquisition with 70% less mAs. The raw-data of the 
two scans was reconstructed with FBP and SAFIRE (S1-S5) 
and medium kernel.

Physics analysis concluded there was no significant dif-
ference in the measured signal when using FBP and SAFIRE. 
Noise significantly decreased (11% between FBP and SAFIRE 1) 
with SNR and CNR increase after each iteration. Good image 
quality was obtained with 30% less dose by using SAFIRE S2. 
Furthermore by using S5, it was possible to achieve up to 70% 
dose reduction while still maintaining image quality. 

In the work of Kim et al. (2014)9, a first group of paedi-
atric abdominal patients was scanned with kVp and mAs 
modulation. Raw-data was reconstructed using SAFIRE (S2-
S4). A second group of patients underwent the same exam in 
emergency room on a CT scanner with only mAs modula-
tion and the raw-data was reconstructed with FBP. Physics 
and visual analysis of image quality showed that SAFIRE was 
able to achieve an average 64.2% in dose reduction compared 
to the control group with FBP. The objective image noise of 
the SAFIRE S2 and S3 was comparable to that of the control 
group. For visual image quality analysis, SAFIRE S2 and S3 
showed better image quality than the control group in terms 
of diagnostic acceptability. Moreover, strength S3 scored 
better in terms of subjective image quality compared to S2.

Head

Schulz et al. (2013)1 worked on data from a phantom 
head CT scan at different tube voltages and currents. Each 
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image was reconstructed using two different kernels with 
FBP and SAFIRE (S1-S5) algorithms. Image noise was 
evaluated and showed that compared to FBP, all iterative 
reconstruction techniques reduced the noise by 15%-85% 
depending on the iterative strength, rendering kernel, 
and dose parameters. Visual image quality was evalu-
ated on images acquired at tube currents of 100% (FBP), 
50% (SAFIRE), and 25% (SAFIRE). Visual evaluation of 
the images suggested that FBP images at full dose were 
preferred to 50% dose SAFIRE reconstruction. Their con-
clusion was that SAFIRE has a potential in CTs exam since 
even slight increase in iteration can yield important noise 
reduction.

Corcuera-Solano et al. (2014)11 aimed to assess dose 
reduction for patients in the neurosurgical intensive care 
unit who undergo multiple head CT scans. While maintain-
ing similar image quality and SNR levels, ultra-low-dose 
CT (ULDCT) reconstructed with SAFIRE represented a 
68% lower CTDIvol compared to standard-dose CT (SDCT) 
with FBP technique in the same patients. SAFIRE recon-
struction low-dose CT (LDCT) offered higher image quality 
than FBP standard-dose CT with no differences in SNR 
at a 24% lower CTDIvol. Compared with LDCT, ULDCT 
had significantly lower SNR but demonstrated clinically 
satisfactory measures of image quality. In visual analyses, 
there were no major differences in quality between ULDCT 
and SDCT.

Korn et al. (2013)12 described an increase of 47% in 
CNR when using SAFIRE reconstruction instead of FBP 
in reduced-dose examination, because the degradation of 
image quality at lower dose was more than compensated by 
SAFIRE. Through objective measurements of image sharp-
ness, they found that it was similar for FBP and SAFIRE 
reconstructions. Compared with FBP standard-dose (320 
mAs) reconstructions, low-dose (255 mAs) SAFIRE recon-
structions also allowed for an improvement in visual grading 
of noise as well as overall image quality.

Authors concluded that with 20% dose reduction, recon-
struction of head CT by SAFIRE provides above standard 
objective and subjective image quality.

Cardiac

Han et al. (2012)4 evaluated the impact of SAFIRE on 
image quality in paediatric cardiac CT datasets. From a visual 
point of view, no change was observed in spatial resolution, 
sharpness improved in 9% of cases, image noise in 63% 
cases and noise texture in 85% cases when using SAFIRE. 
The diagnostic confidence was similar in both groups. The 
improvement and reduction of noise was similar for helical 
and axial acquisition techniques. Visual image quality anal-
ysis resulted on a lower contrast from 1% for SAFIRE but 
clinically not significant, noise decreased (34%) and CNR 
(41%) and SNR (56%) increased with SAFIRE.

Wang et al. (2013)5 analysed images from patients and 
phantoms. Data from dual source equipment was recon-
structed using FBP and data from single source was 
reconstructed with SAFIRE and FBP, to assess image quality 
with only half dose. Images from the phantom suggested that 
noise proportionally decreased as current increased. No 
significant difference in SNR and noise was found between 
full-dose FBP and half-dose SAFIRE neither for phantom nor 
patients. Similar visual results between full-dose FBP and 
half-dose SAFIRE were performed in visualising coronary 
segments. For half-dose FBP, significantly fewer segments 
were visible. It suggested that with an estimated dose reduc-
tion of 50%, there was no significant difference in noise, SNR 
and overall image quality with SAFIRE reconstruction com-
pared to full-dose standard protocol reconstructed with FBP.  

Nie et al. (2014)3 evaluated the impact of SAFIRE on 
image quality for a tube voltage of 70 kVp. The mean scores 
of visual analysis were significantly higher with SAFIRE 
algorithm than with FBP algorithm regarding to graininess, 
sharpness and overall image quality. Noise was lower and 
SNR and CNR significantly higher with SAFIRE. Radiolo-
gists evaluated the diagnostic accuracy. SAFIRE scored better 
than FBP algorithm but no significant difference in diagnos-
tic accuracy between FBP and SAFIRE was found (p > 0.05).

The authors concluded that, for a same tube current, 
physical and visual image quality were significantly improved 
with SAFIRE.
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Authors Part of body 
examinated

SAFIRE 
Strength

Dose reduction Image quality results

Christe et al. 
(2013)6

Chest S3 80% at  same noise
45% at same SNR
59% at same CNR
25% at same subjective IQ

-44 % noise, +36 % SNR, +34 % CNR with SAFIRE
Better subjective IQ for SAFIRE with same dose

Wang et al. 
(2013)7

Chest 
(low dose)

S3 similar IQ with FBP 100% dose 
and  SAFIRE 50% dose

Full-dose FBP noise comparable to half-dose SAFIRE
Subjective IQ  evaluation in noise, SNR and lesion 
detection comparable with full-dose FBP or half-dose 
SAFIRE

Ghetti et al. 
(2013)10

Chest,
Water,
Catphan 600 
and
3D phantom

S1-S5
S1,S3,S5

Unique dose of 13.4 mGy tested 
for noise
Doses tested  for CNR : 20.2, 13.4 
and 6.7 mGy

Up to 60% noise reduction with SAFIRE 5 for 2mm 
slices with same dose
Noise decreases and CNR increases when SAFIRE 
strength rises

Greffier et al. 
(2013)8

Abdomen S1-S5 Dose reduced at 30% and 70% 
from full dose

SNR and CNR improved with the increase in SAFIRE 
levels

Kim et 
al.(2014)9

Abdomen 
(paediatric)

S2,S3,S4 64.2% average dose reduction for 
similar image quality with SAFIRE

Noise decreases  and IQ  increases with SAFIRE 
strengths
No significant difference between SAFIRE S4 and FBP

Schulz et al. 
(2013)1

Head:
paranasal
sinuses

S1-S5 100% FBP, 50% SAFIRE, 25% 
SAFIRE

Image noise always greater with FBP
With 25% dose, mean noise reduction 47.5% for 3mm 
and 49.4% for 1mm slices with SAFIRE
Best IQ with 100% dose level with FBP

Corcuera-
Solano et al. 
(2014)11

Head S3 ULDCT 68% dose reduction
LDCT 24% dose reduction

Image quality similar with full dose FBP and LDCT 
reconstructed with SAFIRE S3

Korn et al. 
(2013)12

Head S3 20% dose reduction + 48% SNR, + 47% CNR with SAFIRE for same dose
Similar sharpness
IQ SAFIRE scored better than FBP

Han et al. 
(2012)4

Cardiac - - - 34% noise, + 56% SNR, + 41% CNR using SAFIRE vs 
FBP using the same dose

Wang et al. 
(2013)5

Cardiac
Water 
phantom

- Simulating a 50% radiation dose 
reduction

No significant noise and SNR difference and 
equivalent image quality between full dose FBP and 
half dose SAFIRE

Nie et al. 
(2014)3

Cardiac S3 Same dose 70 kVp Significantly lower image noise
Significantly higher SNR and CNR for SAFIRE
Higher scores for subjective IQ with same dose

D I S C U S S I O N

Although specific values differ from one study to another, 
all studies concluded that SAFIRE allows for a significant 
dose reduction, while maintaining adequate image quality. 
Nevertheless some limitations were identified. 

The studies included in this review used different param-
eters to measure image quality. There was no standard way 
in how both physical and visual image quality was meas-
ured. Different sizes of ROI’s and different Likert scales were 
used. Furthermore, not all articles assessed both physical and 
visual image qualities.

The studies assessing visual image quality only used two 
radiologists as observers. In order to reduce observer bias, a 
larger group is needed. Monitor characteristics and display 
parameters were completely missing as well as the visual 
acuity performance of the observers. 

The images were only classified according to their diag-
nostic or visual quality, but not their diagnostic accuracy. 
More studies must be done regarding if SAFIRE provides 
better diagnostic accuracy than FBP.

In some studies the image sets were acquired using dif-
ferent equipment for FBP and SAFIRE reconstructions. 

Table 1: Results in dose reduction and image quality (IQ) evaluation
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That implicates possible changes in acquisition protocol and 
might not allow a proper comparison.

Studies did not always consider all SAFIRE strengths 
with no clear explanations about exclusion criteria. It doesn’t 
give a complete answer on the potential dose reduction and 
image quality with SAFIRE.

C O N C L U S I O N

All articles reported an important noise reduction when 
using SAFIRE reconstruction instead of FBP at equal dose 
levels. Noise level decreased proportionally when increas-
ing SAFIRE strength. Some articles suggested that a similar 
visual and physical image quality between FBP and SAFIRE 
can be achieved when reducing dose to 50%. No significant 

difference was measured in CNR between both reconstruc-
tion methods. This could suggest the usefulness of SAFIRE in 
patient radiation protection. Consequently, its use will likely 
become widespread, allowing exams to be performed using a 
lower radiation dose, particularly in paediatric examination. 

The manufacturer recommended the use of SAFIRE 
S3 for an optimal image quality and this was confirmed by 
several articles in general appreciation of the image. 

Although from a physics point of view, significant dose 
reductions are feasible, it is essential to verify the diagnostic 
accuracy of the image with observer analysis. Studies should 
also be done regarding other fundamental factors for dose 
reduction, e.g. detector efficiency and dose modulation (kVp 
and mAs) and their potentials combined with SAFIRE’s ones. 
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A B S T R A C T

Background: Computed tomography (CT) is one of the most used modalities for diagnostics in 

paediatric populations, which is a concern as it also delivers a high patient dose. Research has focused 

on developing computer algorithms that provide better image quality at lower dose. The iterative 

reconstruction algorithm Sinogram-Affirmed Iterative Reconstruction (SAFIRE) was introduced as a 

new technique that reduces noise to increase image quality.

Purpose: The aim of this study is to compare SAFIRE with the current gold standard, Filtered Back 

Projection (FBP), and assess whether SAFIRE alone permits a reduction in dose while maintaining 

image quality in paediatric head CT.

Methods: Images were collected using a paediatric head phantom using a SIEMENS SOMATOM 

PERSPECTIVE 128 modulated acquisition. 54 images were reconstructed using FBP and 5 different 

strengths of SAFIRE. Objective measures of image quality were determined by measuring SNR and 

CNR. Visual measures of image quality were determined by 17 observers with different radiographic 

experiences. Images were randomized and displayed using 2AFC; observers scored the images answering 

5 questions using a Likert scale.

Results: At different dose levels, SAFIRE significantly increased SNR (up to 54%) in the acquired images 

compared to FBP at 80kVp (5.2-8.4), 110kVp (8.2-12.3), 130kVp (8.8-13.1). Visual image quality was 

higher with increasing SAFIRE strength. The highest image quality was scored with SAFIRE level 3 

and higher.

Conclusion: The SAFIRE algorithm is suitable for image noise reduction in paediatric head CT. Our data 

demonstrates that SAFIRE enhances SNR while reducing noise with a possible reduction of dose of 68%.

I N T R O D U C T I O N 

Computed Tomography (CT) is fast, precise and one of 
the most used modalities for diagnostic imaging1. It is con-
sidered the technique of choice both in adult and paediatric 
population, but it is also associated with high effective dose. 
7 million paediatric CT scans were performed in 2007 in 
the USA and with this value rises almost 10% every year. 
Dose reduction for paediatric examinations has become a 
priority, since younger patients have a higher potential for 

an increased lifetime risk of radiation-induced malignancy2. 
However, the dose reduction should not compromise diag-
nostic image quality. 

Different CT reconstruction algorithms have been devel-
oped over the years. Filtered back projection (FBP) is by far 
the most used today3. It is fast and applies different filters4 

and increases spatial resolution. It also increases image noise 
requiring a higher X-ray tube setting, resulting in a higher 
radiation exposure5.
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Iterative reconstruction (IR) techniques have been 
developed to reduce dose while maintaining or improving 
objective image quality by reducing noise and consequently 
improving Signal-to-Noise Ratio (SNR). However, these 
techniques require a high computing power and have been 
too time consuming, limiting its clinical application6.  

Table 1: Acquisition parameters for all the images

Batch 1 2 3

kV 80 110 130

mAs 50 50 50

100 100 100

200 200 200

Siemens has recently developed Sinogram-Affirmed 
Iterative Reconstruction (SAFIRE), an advanced iterative 
reconstruction technique that requires less computing power 
and uses both FBP and raw data-based iterations to remove 
noise and improve image quality. The corrected image is com-
pared with the original and the process is repeated several 
times. SAFIRE provides 5 strength levels of noise reduction, 
1 being the weakest and 5 the strongest7. Noise reduction and 
noise texture vary with the reconstruction strength selected. 
Strength value does not translate the number of iterations and 
does not affect reconstruction time6. Nonetheless, SAFIRE is 
still more time consuming than golden standard FBP2.

This study aims to compare SAFIRE to FBP and deter-
mine whether SAFIRE permits a reduction in dose while 
maintaining image quality in paediatric head CT.

M A T E R I A L S  A N D  M E T H O D S

CT protocol selection

For this study a simulated examination was performed 
using the paediatric head phantom ATOM of a five year 
old child, model 7058, to acquire a series of image sets9. 
The equipment used for the simulation was a Siemens 
SOMATOM perspective 128 CT scanner. Prior to the study, 
three image sets were created using different settings for kV 
and mAs, indicated in Table 1.

Data reconstruction

All the image sets were reconstructed using FBP and 
SAFIRE strengths 1, 2, 3, 4, and 5. The kernels used for 

image reconstruction were ‘smooth’ ( J30 for SAFIRE and 
H30 kernel for FBP). This study focused mainly on the soft 
tissue kernel, as it allows a better representation of soft 
tissue structures. Sharp kernels, used for bone tissue studies 
add too much image noise. All images were reconstructed 
using 1 and 3mm slice thickness but only 3mm thick-
ness were selected for the final three image sets, in order 
to keep in-line with those used in clinical practice10-11. All 
reconstructed images were acquired from the same original 
dataset. Window width 50, window level 100 and field of 
view were kept constant for visual image quality analysis. 

Visual assessment of image quality

For visual analysis, a forced choice technique was used 
for image comparison, using two-alternative forced choice 
(2AFC) software12-13. Nine sets of parameters and six types 
of reconstructions totalled 54 images, which were scored 
by 17 observers. The 54 images were divided into three 
batches, each batch containing 18 images with the same 
kVp. In every batch, two duplicated images were included, 
which allowed for intra observer reliability to be assessed. 
Slice 18 was chosen for evaluation, through consensus deci-
sion, as it was considered that this slice represented a good 
visualisation of inner structures within the phantom. The 
SNR was calculated on all FBP images and the one with 
the average SNR was used as the reference image for each 
batch, which identified the 100mAs image, for every kVp 
value (Figure 1).

Eight inexperienced observers (first and second year radi-
ography students and one high school graduate) and nine 
experienced observers (seven graduate radiographers and 
one physicist specialized in medical imaging) independently 
scored the images. All observers took part in a visual acuity 
test where a series of visibility, depth and contrast perception 
tests were performed to assess the visual capacity of each 
observer. These tests were performed to exclude observers 
with impaired visual acuity.

Figure 1: Reference images; FBP 80 kV 100 mAs (left), FBP 110 kV 100 mAs (middle), 

and FBP 130 kV 100 mAs (right).
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Table 2: Questionnaire used for evaluation of images

Item 1 The differentiation of contrast within the 
encircled structure and its immediate background 
(see image)?

Item 2 The visual sharpness of the bony structure 
displayed?

Item 3 The sharpness of the circle in the encircled 
structure (see image)?

Item 4 The overall image quality?

Item 5 The overall noise of the image?

Before visual image quality assessment, each individual 
observer received verbal instructions and a reference sheet 
to allow a better understanding of specific image areas evalu-
ated in each question (appendix A). Each image was evaluated 
separately and compared with the reference image. The 
questionnaire for this evaluation contained one question for 
counting the circles in the central area of the phantom and 
five questions with a 5 point Likert scale which were used 
for scoring image noise, contrast and overall image quality 

as perceived by each individual observer (Table 2)10,14-15. All 
observers were blinded to acquisition parameters and images 
were displayed in a randomized fashion. 

Light in the room was dimmed and constant; monitor 
settings (Siemens, 19 inch, resolution: 1280x1024) were 
kept identical for all observers, in order to further reduce 
observer bias.   

Physical assessment of image quality 

For the physical analysis SNR, uniformity and CNR 
measurements were performed in each image. Using the soft-
ware ImageJ, three Regions of Interest (ROI’s) were drawn 
with a 10-mm2 area for SNR calculation (Figure 2). Two 
other ROI’s were drawn on bone and soft tissue and were 
used to obtain CNR values (Figure 4). ROI’s were drawn in 
specific areas and in the same place for every image (approx-
imately), in order to obtain better contrast measurements 
and to facilitate the evaluation of image quality parameters. 
SNR and CNR were calculated using the following standard 
equations:

CT-EXPO dosimetry software for Monte Carlo model-
ling for calculating the dose16. 

Statistical Analysis

The data acquired from the visual assessment of image 

quality (2AFC) was imported into SPSS software (version 
21.0) for statistical analysis. The data was analysed to assess a 
95% confidence interval and for each IR. Descriptive statistics 
were used to determine the participant visual perception of 
the change in IR and the effect on image quality. Correlations 
and p-values were calculated using Microsoft Excel (2013).

Figure 2: ROI’s used for SNR measurements. Figure 4: ROI drawn to measure CNR.
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RESULTS

Physical assessment of image quality

Physical image quality measures indicate the image noise 
was higher in the FBP compared to the SAFIRE groups (Table 
1). Furthermore, a decrease in noise was observed with 
increasing SAFIRE strength. The decrease in noise with the 
increase in SAFIRE strength precipitated an increase in SNR. 
CNR remained constant, with minimal change in standard 

deviation. SAFIRE groups 3, 4, and 5 show comparable noise 
and SNR values.  

Dose assessment

Table 3 highlights the increase in mAs within kVp values 
resulting in a proportional increase in DLP, effective dose 
(E) and the effective dose to the eyes, with a reduction at low 
mAs values. Figure 5 illustrates the correlation between DLP 
and effective dose with an r2 = 0.996, with the effective dose 
to the eyes displaying a correlation of r2 = 1.

kVp mAs DLP (mGy*cm) E(mSv)(103) E eye (mSv)

80 50 44 0.1 3.4

80 100 88 0.2 6.9

80 200 175 0.5 13.7

110 50 103 0.3 8.1

110 100 207 0.5 16.2

110 200 413 1.1 32.3

130 50 154 0.4 12.1

130 100 309 0.8 24.2

130 200 618 1.6 48.3

Visual assessment of image quality 

The division of the observers in terms of experience 
allowed for comparative analysis between the two groups 
(Table 4). Table 5 provides the results of the calculated Intra 
Class Correlation Coefficient (ICC) values for the experi-
enced and non-experienced group of observers. All ICC 
values have a statistical significance of p < 0.001. The values 
of the intra class correlation (ICC) show weak to moder-
ate agreement within all subject groups, where the group 
of experienced subjects shows a higher ICC for every cri-
teria. The biggest difference in ICC between experienced 
and non-experienced observers can be observed in criteria 

1, whereas criteria 4 and 5 show similar values. 

Figure 6 illustrates the relationship between the mean 
IQ and the acquisition parameters (kVp/mAs) for FB and 
the SAFIRE groups with a 95% Confidence Interval (CI). An 
increase in the mean perceptual IQ is prominently demon-
strated with increases in SAFIRE strength.

FBP and SAFIRE 1 are comparable as they display similar 
mean IQ with increments in parameters; however a stronger 
confidence interval is displayed within SAFIRE 1. SAFIRE 2 
shows an increase in mean IQ at lower parameters, however 
this increase is more obvious with SAFIRE 3, 4 and 5.

Table 3: The relationship between kVp/mAs and effective dose
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Table 4: Data representing mean value (±SD) of image noise, CNR, SNR

FBP SAFIRE 1 SAFIRE 2 SAFIRE 3 SAFIRE 4 SAFIRE 5

80 KVP

Noise 11.1(±3.3) 10.3(±3.1) 9.6(±2.8) 8.9(±2.7) 8.2(±2.5) 7.5(±2.3)

CNR 0.8(±0.4) 0.8(±0.5) 0.8(±0.5) 0.8(±0.5) 0.8(±0.5) 0.8(±0.6)

SNR 5.2(±1.5) 5.7(±1.7) 6.2(±1.9) 6.9(±2.1) 7.6(±2.3) 8.4(±2.6)

110 KVP

Noise 6.2(±1.6) 5.7(±1.6) 5.3(±1.4) 5.0(±1.4) 4.7(±1.5) 4.2(±1.3)

CNR 0.5(±0.4) 0.5(±0.5) 0.5(±0.5) 0.5(±0.6) 0.5(±0.7) 0.4(±0.7)

SNR 8.2(±2.0) 8.8(±2.1) 9.4(±2.4) 10.2(±2.6) 11.2(±3.0) 12.3(±3.5)

130 KVP

Noise 4.9(±1.0) 4.6(±0.9) 4.2(±0.9) 3.9(±0.8) 3.6(±0.7) 3.2(±0.7)

CNR 0.5(±0.2) 0.5(±0.2) 0.5(±0.2) 0.6(±0.2) 0.5(±0.2) 0.5(±0.3)

SNR 8.8(±1.1) 9.4(±1.2) 10.2(±1.3) 11.0(±1.3) 12.0(±1.5) 13.1(±1.7)

Figure 5: Correlation between the Effective dose (103)(mSv) and DLP (mGy*cm). A strong positive correlation is shown between the effective dose and DLP with a (r  = 0.99).

Experienced Non-experienced

Item 1 0.536 0.211

Item 2 0.274 0.18

Item 3 0.531 0.377

Item 4 0.529 0.507

Item 5 0.677 0.624

Table 5: Calculated values for Intra-class correlation for experience and non-experience observer groups 
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The Pearson Product-Moment Correlation Coefficient 
(r), correlation of determination (r2), and the p-value were 
calculated and tabulated (Table 4). This table highlights 
the lack of correlation between the perceptual image 

quality score and the physical image quality measures with 
r2 = 0.20 and r2 = 0.007 for SNR and CNR respectively. 
However, the p-value suggests a highly statistical signifi-
cant relationship.

FBP SAFIRE 1

SAFIRE 2 SAFIRE 3

SAFIRE 4 SAFIRE 5

Figure 6: The mean image quality for each IR incorporating a 95% confidence interval, at each acquisition parameter. The reference image intersecting (y=3) the y axis 

represents an average image quality.
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Mean 
Image 
quality

R2 R P= P

SNR 0.2023 0.449778 2.6461E-
121

p<0.0001

CNR 0.0074 0.086023 6.8558E-
121

P<0.0001

D I S C U S S I O N

Providing acceptable image quality while reducing 
the radiation dose remains of paramount importance in 
CT examinations, more so for paediatric patients. Recent 
developments in iterative reconstruction technologies such 
as SAFIRE, shows potential in reducing the dose while 
improving image quality. However, the application of these 
techniques are limited for paediatric patients, with insignif-
icant guidelines on the optimal SAFIRE strength for the best 
image quality. 

This study highlights the advantages of using iterative 
reconstruction for a paediatric head phantom with a reduc-
tion of more than 68% in effective dose in comparison to 
standard Siemens SOMATON perspective 128 Computed 
Tomography (CT) protocol.  The study also found that 
SAFIRE increases the SNR by an average of 22% with an 
average reduction in noise of 20%. When comparing the 
standard FBP reconstruction to SAFIRE 5, an average of 
33% reduction in noise and 54% increase in SNR was calcu-
lated and the same was appreciated in the mean perceptual 
image quality scores, with SAFIRE 5 providing the best 
image quality. However, the item assessing the ‘overall image 
quality’ identified SAFIRE 4 as providing the best image 
quality. A factor most likely influenced by the image blurring 
or over smoothening reported in several studies1-3 with an 
increase in SAFIRE strength recognising that a reduction in 
noise may not directly translate to an improvement in overall 
image quality1. Further research is required to identify the 
dose level at which diagnostic image quality can be achieved. 

Observers

Experienced observers showed a higher ICC compared 
to inexperienced observers, which might be due to the fact 
that inexperienced observers have a learning effect during 
the task17. Buissink et al (2014) found that a statistically 
significant improvement can be observed post-training. 
However, all observer groups showed low to moderate ICC 
in all items of the IQ-criteria. The inclusion of training may 

have resulted in smaller difference between the groups18 and 
might have increased overall observer reliability. 

Limitations

The simulation of paediatric head phantom ATOM five 
year old child, model 7056, ensured no irradiation of human 
tissue7; however this presented a reduction in external valid-
ity. The tissue-equivalent epoxy resins present in all aspects 
of ATOM provided advantages in objective measures, but 
lacked comparable anatomical representation of a paediatric 
brain. This further limited the ability to adapt the European 
guidelines for quality criteria for computed tomography due 
to its reference to brain anatomy10. The use of a vetted crite-
ria would have prevented the miss interpretation of the item 
questioning ‘how many circles can you see in the image?’ 
Nonetheless training the observers prior to the perceptual 
task may have improved their understanding of the question, 
increasing inter-observer reliability.

Images at 110kVp were acquired at different scan ranges 
in comparison to 80kVp and 130kVp, limiting the selection 
of the same slice for all images. Although the method was 
designed to overcome this restriction the ability to compare 
the batches may still exist. 

C O N C L U S I O N

In summary, the SAFIRE algorithm is suitable for image-
noise reduction in paediatric head CT. Our data demonstrate 
that SAFIRE enhances SNR, while reducing noise, with a 
possible reduction in effective dose of 68%. The decrease 
in image quality with dose requires careful consideration 
of SAFIRE strength application to achieve optimal balance 
between image quality and noise. Our results suggest a 
potential for further reduction in dose and encourages an 
increase in external validity.

A C K N O W L E D G E M E N T S

We would like to take this opportunity to acknowledge 
Carla Lança, for her assistance with the visual acuity tests for 
the observers, SIEMENS for providing us both the equip-
ment and the reconstructed image sets. We also acknowledge 
Escola Superior de Tecnologia da Saúde de Lisboa for letting 
us use their facilities, equipment and time.



OPTIMAX 2014 – radiation dose and image quality optimisation in medical imaging34

1. 		  Chang RC, Yu CC, Hsu FY, Chen TR, Hsu SM, Tyan YS. Dose 

assessment of the patient and the helper in emergency head 

computed tomography. Radiat Meas. 2011;46(12):2048-51. 

2. 		  Brenner DJ, Elliston CD, Hall EJ, Berdon WE. Estimated risks 

of radiation-induced fatal cancer from pediatric CT. AJR Am J 

Roentgenol. 2001;176(2):289-96. 

3. 		  Pickhardt PJ, Lubner MG, Kim DH, Tang J, Ruma JA, del Rio 

AM, et al. Abdominal CT with model-based iterative recon-

struction (MBIR): initial results of a prospective trial comparing 

ultralow-dose with standard-dose imaging. AJR Am J Roentge-

nol. 2012;199(6):1266-74. 

4. 		  Korn A, Fenchel M, Bender B, Danz S, Hauser TK, Ket-

elsen D, et al. Iterative reconstruction in head CT: image 

quality of routine and low-dose protocols in comparison with 

standard filtered back-projection. AJNR Am J Neuroradiol. 

2012;33(2):218-24. 

5. 		  Greffier J, Fernandez A, Macri F, Freitag C, Metge L, Beregi 

JP. Which dose for what image? Iterative reconstruction for CT 

scan. Diagn Interv Imaging. 2013;94(11):1117-21. 

6. 		  Han BK, Grant KL, Garberich R, Sedlmair M, Lindberg J, 

Lesser JR. Assessment of an iterative reconstruction algorithm 

(SAFIRE) on image quality in pediatric cardiac CT datasets. J 

Cardiovasc Comput Tomogr. 2012;6(3):200-4. 

7. 		  Grant K, Raupach R. SAFIRE: Sinogram Affirmed Iterative 

Reconstruction [Internet]. Siemens; 2012. Available from: 

https://www.healthcare.siemens.com/computed-tomography/

options-upgrades/clinical-applications/safire

8. 		  CIRS. ATOM® dosimetry verification phantoms [Internet]. 

Norfolk-VG: CIRSINC; 2013. Available from: http://www.

cirsinc.com/file/Products/701_706/701%20706%20DS%20

112613.pdf

9. 		  Department of Health. The ionising radiation (medical expo-

sure) regulations 2000: together with notes on good practice 

[Internet]. London: Department of Health; 2012. Available from:   

https://www.gov.uk/government/uploads/system/uploads/

attachment_data/file/227075/IRMER_regulations_2000.pdf

10. 		  Menzel HG, Schibilla H, Teunen D. European guidelines on 

quality criteria for computer tomography [Internet]. Brussels: 

European Commission; 1999. Available from:  http://w3.tue.nl/

fileadmin/sbd/Documenten/Leergang/BSM/European_Guide-

lines_Quality_Criteria_Computed_Tomography_Eur_16252.

pdf

11. 		  Haubenreisser H, Fink C, Nance JW Jr, Sedlmair M, Schmidt 

B, Schoenberg SO, et al. Feasibility of slice width reduction 

for spiral cranial computed tomography using iterative image 

reconstruction. Eur J Radiol. 2014;83(6):964-9.

12. 		  Gur D, Rubin DA, Kart BH, Peterson AM, Fuhrman CR, 

Rockette HE, et al. Forced choice and ordinal discrete rating 

assessment of image quality: a comparison. J Digit Imaging. 

1997;10(3):103-7. 

13. 		  Ledenius K, Svensson E, Stålhammar F, Wiklund LM, Thi-

lander-Klang A. A method to analyse observer disagreement 

in visual grading studies: example of assessed image quality 

in paediatric cerebral multidetector CT images. Br J Radiol. 

2010;83(991):604-11.

14. 		  Yount WR. Developing scales: the Likert scale, the Thurstone 

scale, the Q-Sort scale, the Semantic Differential. In Yount WR, 

editor. Research design and statistical analysis in Christian min-

istry. 4th ed. Author; 2006. chap. 12. 

15. 		  Båth M, Månsson LG. Visual grading characteristics (VGC) 

analysis: a non-parametric rank-invariant statistical method for 

image quality evaluation. Br J Radiol. 2007;80(951):169-76.

16. 		  McGreevy RL. Reverse Monte Carlo modelling. J Phys. 

2001;13(46):R877. 

17. 		  Brown CR, Hillman SJ, Richardson AM, Herman JL, Robb 

JE. Reliability and validity of the Visual Gait Assessment 

Scale for children with hemiplegic cerebral palsy when used 

by experienced and inexperienced observers. Gait Posture. 

2008;27(4):648-52. 

18. 		  Buissink C, Thompson JD, Voet M, Sanderud A, Kamping 

LV, Savary L, et al. The influence of experience and training 

in a group of novice observers: a jackknife alternative free-re-

sponse receiver operating characteristic analysis. Radiography. 

2014;20(4):300-5. 

R E F E R E N C E S



OPTIMAX 2014 – radiation dose and image quality optimisation in medical imaging 35

Question B

The differentiation of contrast within the encircled structure (see image) 

and its immediate background (see arrow)?

 

Question C 

The visual sharpness of the bony structure displayed?

Question D

The sharpness of the circle in the encircled structure?

Appendix B. Questionnaire 

How many circles can you count within the centre of the image?

Image Reference 1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Circles                                      

Appendix C

80 kVp 	

50 mAs 0.1 1.75 (±0.58) 1.91 (±0.57) 2.13 
(±0.5)

2.06 (±0.47) 2.42 (±0.45) 2.46 
(±0.6)

100 mAs 0.2 R 
(±0.36)

3.02 (±0.12) 3.02 (±0.36) 3.42 (±0.42) 3.47 
(±0.5)

3.51 (±0.71)

200 mAs 0.5 3.84 (±0.45) 4.05 (±0.49) 4.01 
(±0.6)

4.08 (±0.58) 4.19 (±0.59) 4.27 
(±0.6)

110 kVp

50 mAs 0.3 2.04 (±0.45) 2.11 (±0.25) 2.16 (±0.28) 2.27 (±0.31) 2.24 (±0.38) 2.51 (±0.62)

100 mAs 0.5 R
 (±0.34)

3.06 (±0.17) 3.35 (±0.53) 3.31 (±0.47) 3.68 (±0.66) 3.73 (±0.72)

200 mAs 1.1 3.59 (±0.59) 3.59 (±0.61) 3.64 (±0.76) 3.65 (±0.75) 4 
(±0.7)

3.91 
(±0.6)

130 kVp

50 mAs 0.4 2.48 (±0.36) 2.59 (±0.42) 2.78 (±0.47) 2.96 (±0.34) 3.14 (±0.49) 3.38 (±0.47)

100 mAs 0.8 R
 (±0.17)

3.06 (±0.29) 3.25 (±0.43) 3.38 (±0.35) 3.72 (±0.49) 3.78 (±0.42)

200 mAs 1.6 3.85 (±0.66) 3.98 (±0.62) 3.96 (±0.65) 4.01 (±0.76) 3.96 (±0.71) 3.93 (±0.79)

Table 5: The average image quality score incorporating all observers with

Appendix A. Image test training
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Appendix D

Figure 3: Correlation between effective dose to the eyes (mSv) and the DLP (mGy*cm). A strong linear correlation is shown as the increase in DLP increases the effective dose to the eyes.
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A B S T R A C T

This review aims to identify strategies to optimise radiography practice using digital technologies, 

for full spine studies on paediatrics focusing particularly on methods used to diagnose and measure 

severity of spinal curvatures. The literature search was performed on different databases (PubMed, 

Google Scholar and ScienceDirect) and relevant websites (e.g., American College of Radiology and 

International Commission on Radiological Protection) to identify guidelines and recent studies focused 

on dose optimisation in paediatrics using digital technologies. Plain radiography was identified as the 

most accurate method. The American College of Radiology (ACR) and European Commission (EC) 

provided two guidelines that were identified as the most relevant to the subject. The ACR guidelines 

were updated in 2014; however these guidelines do not provide detailed guidance on technical exposure 

parameters. The EC guidelines are more complete but are dedicated to screen film systems. Other 

studies provided reviews on the several exposure parameters that should be included for optimisation, 

such as tube current, tube voltage and source-to-image distance; however, only explored few of these 

parameters and not all of them together. One publication explored all parameters together but this 

was for adults only. Due to lack of literature on exposure parameters for paediatrics, more research is 

required to guide and harmonise practice.  

I N T R O D U C T I O N

There are several types of spinal deformities that can 
affect children during their early or late childhood, with 
scoliosis and kyphosis being the most common1. Early diag-
nosis is important to improve prognosis and life expectancy2. 
Diagnosis and follow-up can be performed using physical 
examinations and/or imaging (e.g., CT, MRI and plain radi-
ography). Imaging is the most common method because it 
is accurate and it allows the detection and severity assess-
ment. Despite developments in cross-sectional imaging plain 
radiography remains the mainstay. Plain radiography can be 

obtained using analogue or digital systems [computed radi-
ography (CR) or direct radiography (DR)] and is required 
to measure the degree of spinal curvature, using Centroid, 
Harrison Posterior Tangent, TRALL and Cobb methods3-4. 

However, plain radiography involves radiation. This can 
increase stochastic effects, especially for children. Therefore, 
it should be performed using optimised acquisition param-
eters to guarantee that Image quality (IQ) is acceptable to 
analyse the anatomical structures and perform spinal cur-
vature measurements. The European guidelines provided by 
European Commission (EC)5 give information about imaging 
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on paediatrics with details on technical parameters but only 
for analogue systems. Also provides general recommenda-
tions for paediatrics although not by age.

Several studies6-9 provide information about reducing 
dose to paediatrics but it is not fully explored for digital 
systems and age groups. This is important because paediat-
rics are more radiosensitive than adults, due to the rate of cell 
division10, increasing the probability of late radiation effects 
which can affect life expectancy11.  Therefore, it is important 
to keep doses As Low As Reasonably Practicable (ALARP)12.

The aim of this review is to identify strategies to optimise 
radiography practice using digital technologies for spine cur-
vature examinations on paediatrics and provide an overview 
of the methods available for measuring the degree of spinal 
curvatures.

Literature review was performed using different 
resources including databases (PubMed, Google Scholar 
and ScienceDirect) and websites and guidelines to obtain 
a range of information on different methodologies availa-
ble for assessing spinal curvatures. To search for relevant 
literature, the following keywords were used: optimisation, 
effective dose, IQ, paediatrics, phantom and Computed Radi-
ography. Other criteria to select the studies were: year of 
publication for the selection of exposure parameters (most 
updated) and use of CR/DR.

Spinal deformities in paediatrics

Spinal conditions include scoliosis (curving of the spine), 
kyphosis (increasing roundback of the spine), lordosis 
(increasing inward curvature of the spine), spondylolysis 
(stress fracture of the spine) and spondylolisthesis (move-
ment of one part of the spine on another part). Scoliosis and 
kyphosis are the most common. These deformities can affect 
children during their early or late childhood1,13. These may 
occur due to failure of bone development and are treated 
depending on the cause. Whilst in adolescence the cause may 
be unknown, it is more likely to be determined in the early 
age. To prevent progression of deformity and improve life 
expectancy early diagnosis is important2.

Thoracic kyphosis is the increase of the thoracic cur-
vature in the sagittal plane and indication for treatment is 
based on kyphosis angular measurement. Normal kypho-
sis ranges from 20-50° when assessed by modified Cobb’s 
method on lateral radiographs14.

Scoliosis is a structural three-dimensional deformity of 
the spine defined by a lateral curvature of more than 10°. 

The development and progression of scoliosis is related to 
growth. Scoliosis can also be classified by cause, into idio-
pathic or secondary. Idiopathic scoliosis is further classified 
into infantile, juvenile (4-10 years) and adolescent types or 
early and late onset. Scoliosis can also be secondary to con-
genital disorders, neuromuscular conditions, tumors, trauma 
or syndromic2.  

Available methodologies to detect spinal curvatures

There are many methods of measuring spinal curvature 
including: physical examinations (e.g., forward bending) 
and imaging methods (e.g., CT, MRI and plain radiography). 
Imaging is the most common and accurate method to deter-
mine severity of curvature. Despite the vast development 
of CT and MRI in terms of cross-sectional imaging, with 
MRI posing no radiation dose to patient, plain radiography 
remains the mainstay. It is the most affordable, time efficient, 
easily accessible (compared to CT and MRI), more patient 
friendly compared to MRI and provides the least dose when 
compared to CT15. It is used to confirm diagnosis, exclude 
underlying causes, assess the curves and severity, monitor 
progression, assess skeletal maturing and determine patient’s 
suitability for surgery16.

Techniques to measure spinal curvature using imaging 
methods

Many methods are mentioned in the literature for 
measuring the degree of spinal curvatures using plain radi-
ography. Centroid method is performed on the lateral view 
by connecting the intersections of 2, 3 or 4 vertebral bodies. 
This method is easily performed however has less inter-ob-
server reliability and does not provide accurate angles of 
hypotension or hyperextension3-4. In addition, the Centroid 
method uses more points and takes more time to conduct. 
In comparison to the Cobb method and Harrison posterior 
tangents method, the Centroid method results in smaller 
angle measurement of the total spinal curvature3.

In the Harrison posterior tangent method, lines are 
drawn at two posterior vertebral bodies simultaneously on 
a lateral radiograph because of the higher density. Despite 
this method having a smaller standard error compared to 
other methods, it can only be used on lateral radiographs3. 

The TRALL method requires a vertical line drawn from 
the posterior-superior apex of the 1st Lumbar vertebra (L1) 
to Sacrum. The largest perpendicular distance (depth) to the 
posterior longitudinal ligament is used to find the lumbar 
curve apex. This method only provides one global angle and 
does not include segmental angles, limiting its usefulness2. 
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The Cobb’s method can be used for Antero-posterior (AP)/ 
Postero-anterior (PA) and lateral radiographs, whereas the 
posterior tangent method is not widely used for assessing 
both kyphosis and scoliosis. In the modified Cobb method, 
four lines are drawn to create the Cobb angle. Two parallel to 
vertebral bodies at the superior aspect of T1 and the inferior 
aspect of T12 and two perpendicular to those. This method 
is the most common and can be created by the computer or 
drawn manually. In clinical practice there may be instances 
when the Cobb method is not appropriate (e.g., hypolordosis) 
due to the lack of convergence of lines on the radiograph. 
In such cases, posterior tangent method is recommended4. 
Several studies17-19 showed good reliability with the Cobb 
method. Furthermore, this method represents the standard 
means of evaluating clinically, spinal curvature and has been 
adapted traditionally in clinical practice as the most simple, 
well known and accurate for diagnosis and follow-up20.

Optimisation of radiography for the analysis of spine cur-
vature

To satisfy the needs in paediatric imaging, optimisation 
must be at the forefront of all techniques. The stochastic 
effects of radiation are a concern in paediatrics because this 
population is the most sensitive. Imaging may result in a high 
cumulative dose because serial imaging is often involved1. 
Radiation exposure in the first ten years of life is estimated 
to cause detrimental effects, with attributable lifetime risk 
five to seven times greater than exposures between the ages 
of 50-705. 

There are two principles of radiation protection of the 
patient21: justification of practice and optimisation of expo-
sure. Justification is particularly important in paediatrics and 
is related to the relevance of the examination. This means 
that an exposure is not justifiable without a valid clinical 
indication. For every examination benefits must outweigh 
risks5.

The International Commission on Radiological Protec-
tion (ICRP) does not recommend the application of dose 
limits to patient irradiation, dose reference levels (DRL) 
should be used as an optimisation tool. However, it is always 
a challenge to minimize the dose to the patient without com-
promising IQ required for accurate diagnosis5,22. So, during 
optimisation it is important to considerer IQ, the imaging 
method and technique, to keep doses ALARP12. Generally, 
optimisation is focused on examinations that are common 
and/or give significant dose to patients such as skull, pelvis, 
spine, abdomen and chest5. 

To estimate the radiation dose delivered during an 

X-ray examination, there are several approaches that can be 
used such as measurements on phantoms or patients, and 
also several types of radiation detectors can be used [e.g., 
Dose-Area product (DAP) dosimeter, thermoluminescent 
dosimeter (TLD)] and Monte Carlo simulations23.

The results of the studies can vary according to the meth-
odology that is chosen for dose estimation; however a major 
overview on dose values can be taken from the literature. 
A study to optimise lateral thoracic-lumbar images was 
performed using Monte Carlo simulations. The technical 
parameters that were used consisted of anode towards the 
head, broad focus, no Object to Image Distance (OID) or grid, 
80kVp, 32mAs and 130cm SID. The estimate effective dose 
resulted to 0.05 mSv. Yet, this study was performed with 
adult phantom and patients24.

In order to achieve the adequate balance between IQ and 
dose, techniques for evaluating IQ should be focused on the 
clinical aim25. The literature review highlighted many studies 
on the topic, but this review is focused on more updated 
studies (after 1990), to have an overview on the strategies for 
optimisation dedicated to digital technologies.

IQ analysis is difficult to define when there are many 
aims (e.g., detection only, avoid noise, improve contrast) 
for different observers, and there are several options to do 
this. Radiographers and radiologists require images that 
have quality to ensure a precise diagnosis. Concerning this, 
observers should share equal standards for visual meas-
ures of IQ. IQ is affected by exposure parameters, human 
characteristics and skills (e.g., eye accuracy, perception and 
experience) to observe an anatomical region addressing a 
specific clinical situation. To improve practice, it is desirable 
that observers have discussions to prevent heterogeneous 
IQ standards26.

Concerning IQ assessment, there are many different 
types of recommended tests and these vary within the lit-
erature. There are physical methods [e.g., contrast-to-noise 
ratio (CNR), signal-to-noise ratio (SNR)] and also visual 
methods. Visual methods found in the literature tend to use 
several IQ ratings including: absolute or relative scales [(e.g., 
five-step scale, 1 (worst) to 5 (best); and two-step scale with 
1 (criterion was fulfilled) and 0 (criterion was not fulfilled); 
four-step scale (perfect, good, moderate and inadequate)]. 
Software also exists to assist in performing visual IQ assess-
ment, for example ViewDEX, 2 Alternative Forced Choice 
(2AFC), conspicuity index25,27.

ViewDEX (Viewer for Digital Evaluation of X-ray images) 
allows the validation of new imaging systems, techniques and 
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research on IQ using observers. This software is DICOM 
compatible and the features of the interface (tasks, image 
handling and functionality) are general and flexible28. Also, 
this software allows observer performance studies with the 
same fundamental display properties reflected in the clinical 
reading environment, with less time required to handle the 
images compared to analogue systems28-29.

 Studies and guidelines often do not include information 
on observer training for visual IQ assessment. This could be 
useful to reduce inter and intra observer variability during 
the assessment. To select the strategies, human resources, 
material resources and also the available time to perform the 
tasks must be considered27.

The literature dedicated to IQ improvement and dose 
reduction in paediatrics provided general strategies such as 
raising kVp whilst lowering mAs to reduce dose; and the use 
of image-processing techniques adapted to the local char-
acteristics, in particular to the noise content, which allows 
dose reduction. Agfa systems contain MUSICA software that 
allows different processing methods for 4 different paediat-
ric age/weight groups for a variety of exams8. 

The first examination on a patient should address IQ 
but for follow up examinations it may not require the same 
degree of quality, so dose could be reduced. Main methods to 
optimise provided by Willis7 were: to select a suitable detec-
tor (small, higher sensitivity and efficiency), combination of 
noisy images, scatter reduction with grid or other technique 
and limit radiation field to anatomy of interest. The same 
author also provided other options such as increase kVp 
or SID to reduce dose, increase mAs to improve contrast, 
increase image processing adopting the best tools, use AEC 
or manual technique concerning calibrations7.

Other studies7,30-34 focused on one or two parameters 
(kVp alone, SID alone), apart from the study performed by 
Qaroot et al24, which takes into consideration all the above 
parameters, however relates to adults only. Also, the majority 
of studies are focused on screen-film systems and measure-
ments accuracy35-37. 

The studies identified as related to digital technologies 
are mainly reviews and a protocol to optimise paediatric 
practice could not be found.

C O N C L U S I O N

The two most common spinal deformities in children are 
kyphosis and scoliosis. Amongst the many methods used for 
diagnosis, imaging is the most used as it not only provides 
diagnosis, but also severity of the condition. Between the 
many imaging methods, plain radiography is most accurate, 
cost effective and time efficient. From the various techniques 
available for measuring the degree of spinal curvature, Cobb 
measurements are most usual, easily performed and can be 
used for AP/PA and lateral projections. However, in order 
to carry out these measurements, X-rays are required, which 
pose radiation risks, especially for paediatrics as they are 
more radiosensitive. Moreover, with the serial imaging 
involved, optimisation of dose is critical along with produc-
ing imaging that allows accurate Cobb measurements. Due 
to the lack of current guidelines for paediatrics using digital 
equipment, it is important to conduct a study which explores 
different exposure parameters, in order to conclude the most 
optimum parameters. This will update information provided 
by the EC and guidelines by ACR. 
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A B S T R A C T

Aim: Optimise a set of exposure factors, with the lowest effective dose, to delineate spinal curvature with 

the modified Cobb method in a full spine using computed radiography (CR) for a 5-year-old paediatric 

anthropomorphic phantom. 

Methods: Images were acquired by varying a set of parameters: positions (antero-posterior (AP), postero-

anterior (PA) and lateral), kilo-voltage peak (kVp) (66-90), source-to-image distance (SID) (150 to 

200cm), broad focus and the use of a grid (grid in/out) to analyse the impact on E and image quality 

(IQ). IQ was analysed applying two approaches: objective [contrast-to-noise-ratio/(CNR] and perceptual, 

using 5 observers. Monte-Carlo modelling was used for dose estimation. Cohen’s Kappa coefficient was 

used to calculate inter-observer-variability. The angle was measured using Cobb’s method on lateral 

projections under different imaging conditions. 

Results: PA promoted the lowest effective dose (0.013 mSv) compared to AP (0.048 mSv) and lateral 

(0.025 mSv). The exposure parameters that allowed lower dose were 200cm SID, 90 kVp, broad focus 

and grid out for paediatrics using an Agfa CR system. Thirty-seven images were assessed for IQ and 

thirty-two were classified adequate. Cobb angle measurements varied between 16°±2.9 and 19.9°±0.9.

Conclusion: Cobb angle measurements can be performed using the lowest dose with a low contrast-to-

noise ratio. The variation on measurements for this was ±2.9° and this is within the range of acceptable 

clinical error without impact on clinical diagnosis. Further work is recommended on improvement to 

the sample size and a more robust perceptual IQ assessment protocol for observers.

I N T R O D U C T I O N

There are several spinal deformities that can affect chil-
dren, including scoliosis, kyphosis, lordosis, spondylosis and 
spondylolisthesis. Early diagnosis is paramount to improve 
life expectancy and quality. Amongst these deformities, sco-
liosis and kyphosis are identified as most common which can 
affect children during their early or late childhood1-2. 

There are many methods of measuring spinal curvature 
including physical examination and other methods that 
require imaging (plain radiography, computed tomogra-
phy (CT) and magnetic resonance imaging (MRI). Imaging 

is the most common and most accurate method to deter-
mine severity of curvature. Despite the enormous advances 
in cross-sectional imaging, plain radiography remains the 
mainstay for assessing spinal curvature3. It is used to confirm 
diagnosis, exclude underlying causes, assess curve and sever-
ity, monitor progression, assess skeletal maturation and 
determine patient suitability for surgery4.

Amongst the techniques that use imaging to measure 
spine curvature there are Cobb method, Centroid, TRALL 
& Harrison posterior tangent5. Cobb method is considered 
the gold standard for diagnosis and follow up. Nevertheless, 
it has been noted to have an error of up to 2°6-7. However, a 
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more recent study by Hong et al8 showed better reliability 
with Cobb in comparison to other methods. 

When performing Cobb angle measurements plain radi-
ography involves radiation which involves an associated 
radiation risks. This is a particular concern in paediatrics 
because they are more sensitive to radiation due to faster cell 
division. Additionally, this may result to a high cumulative 
dose because of the series imaging related to the condition, 
increasing stochastic effects. Thus, it is paramount to keep 
doses As Low As Reasonably Practicable (ALARP)9. There-
fore, it is vital to optimise IQ and dose; however, the lack 
of up-to-date paediatric guidelines makes it a challenge to 
choose the correct exposure parameters for digital systems. 
The most complete guideline found in the literature was the 
European guideline (EC)10 but it is out-dated as it is based 
on analogue systems. The most recent guidelines, such as 
the American College of Radiology (ACR)11, are focussed on 
digital radiography, but it does not provide detail on expo-
sure parameters for paediatrics. Furthermore, there are no 
published studies performed on this topic in radiography 
concerning paediatrics. For these reasons, this study aims 
to identify a set of exposure factors with the lowest effective 
dose to delineate spinal curvature using the modified Cobb 
method in a lateral full spine computed radiography (CR) for 
a 5-year-old paediatric phantom.

M E T H O D O L O G Y

This section describes the methodology followed in this 
study for data collection and analysis. It is organised in sub-
divisions corresponding to the four phases of the study:

•	 Phase 1: Image acquisition of spine radiographs achieved 
through manipulating the exposure parameters proposed 
by European Guidelines10.

•	 Phase 2: Effective dose estimation using PCXMC soft-
ware (Monte Carlo simulation).

•	 Phase 3: Assessment of IQ using an objective measure-
ment and a perceptual approach.

•	 Phase 4: Measurement of lateral spine curvature by using 
the modified Cobb method.

Phase 1 – Image acquisition

To perform image acquisition, a 5 year-old paediatric 
anthropomorphic phantom (Figure 1a and 1b), SIEMENS 
General X-ray unit (POLYDOROS IT 30/55/65/80 and 
OPTILIX 150/30/50C tube - inherent filtration 2.5mm Al 
@ 75 kVp were used. The images were processed on an AGFA 
35-X digitiser using a speed class of 400.

The image acquisition started with a pilot study per-
formed in two stages. First stage was focused on alignment to 
guarantee that the phantom was placed in the central area of 
the automatic exposure control (AEC) system. On the second 
stage, the mAs and exposure time were collected using the 
AEC system for 70 acquisitions.

The pilot study provided exposure parameters to perform 
a total of 130 images on the phantom that were acquired 
in antero-posterior (AP), postero-anterior (PA) and lateral 
(LAT) positions using the technical exposure parameters 
recommended by EC guidelines10 (Table 1). 

Figure 1: a) The anthropomorphic paediatric phantom in AP, and b) in lateral projection, c) the reference image of the phantom for perceptual image quality analysis, and d) modified Cobb angle 

measurement.

A B C D
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Study
Phases

Number of 
exposure
performed

Number of 
images
analysed

Manipulated parameters

Phantom
Position

kVp
range

Use
Of
Grid**

SID
range
[cm]

Focus

Phase 1 (Pilot):
Alignment with
AEC system

3 3 AEC In 150 AEC

Phase 1 (Pilot):
collection of
mAs and time (s)

70 AP
PA
LAT

66
71.5
77
81
85
90

In &
Out

150
180
200

Broad
& Fine

Phase 1:
Image acquisition

130 AP
PA
LAT

66
71.5
77
81
85
90

In &
Out

150
180
200

Broad
& Fine

Phase 3:
Perception of
Image Quality

37* LAT 66
77
90

In &
Out

150
180
200

Broad
& Fine

Phase 3:
Cobb angle
measurements

6* LAT 66
77
90

Out 150
180
200

Broad

Observation: AP: antero-posterior; PA: postero-anterior; LAT: lateral 
* Images selected from the 130 acquisitions performed in phase1
** Grid information: parallel; ratio=8 and absorbing Pb, strips  

Table 1: Sets for image acquisition varying voltage (kVp), positioning, grid, source-to-image distance (SID) and focus

Phase 2 – Effective dose estimation 

Effective dose (E) was calculated using PCXMC software1. 
This software uses Monte Carlo simulation for calculating 
organ dose and E, for those who are examined with X-rays for 
medical use. By selecting the tissue weighting factors proposed 
by ICRP103 (mSv)12, E was estimated using the exposure 
parameters (kVp, mAs), positioning, focal-skin distance, SID, 
age and beam size (collimation).

Phase 3 – Image analysis

The images were analysed using two approaches: objec-
tive, using the contrast-to-noise ratio (CNR) and perceptual, 
using observers.

Observers

Five observers performed perceptual image analysis: four 
radiographers with experience in paediatric radiology and 
familiar with Cobb angle and a radiography student.

These observers had their visual acuity assessed prior 

to participating ((ETDRS chart – CSV 1000 and LogMAR 
Good-Lite chart), contrast sensitivity (CSV-1000E) and 
stereopsis (Randot)). Those who normally ware corrective 
lenses were asked to wear them during the vision testing. 
Binocular visual acuity for distance was -0.18±0.04 LogMAR 
(20/13). All subjects had good visual acuity - LogMAR of 
-0.1 (20/16). All subjects had a normal near visual acuity 
(0.38±0.04 M – 20/20) and stereoacuity (40.00±0.00). The 
log average values of contrast sensitivity were similar to the 
population norms [13]: 3cpd (1.81±0.13), 6cpd (2.20±0.08), 
12cpd (1.96±0.07) and 18cpd (1.54±0.02) spatial frequencies.

Image analysis using objective measurements

Thirty images (out of 130) were selected for CNR calcu-
lations. The inclusion criteria were the lateral projections in 
order to measure the Cobb angle (phase 4)14. The phantom 
does not present a curvature and for that reason the PA/
AP projections were not analysed in this phase. The images 
acquired at 66, 77 and 90 kVp were selected (minimum, 
medium and maximum values of the range)10.

To calculate CNR, two regions of interest (ROI) were 
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marked on the images using a bespoke software (imageJ). 
ROI1 was applied mid-way of the vertebral body (maximum 
density) and ROI2 in the lung region with a homogenous 
density (minimum density) (Figure 2) and applied to the fol-
lowing formula (equation 1):

The image with the highest CNR was selected as the ref-
erence image to perform the fourth phase of the study, which 
was acquired using fine focus (FF) with the grid inserted to 
ensure the AEC selected the optimum parameters visualised 
at 180cm SID.

Perceptual image analysis

To perform perceptual image analysis the previously 
selected images (30 out of 130) were transferred to a 
SIEMENS Syngo.via system with a monitor (SCD 1897-M) 
as used in clinical practice. Four images were selected to 
repeat the analysis including the reference image. 

The images were analysed to determine if five relevant 
anatomical structures (see Table 2)10,14 were identifiable 
with the selected exposure parameters on a software tool 
ViewDEX (Viewer for Digital Evaluation of X-ray images). 
This software has been developed in Java and allows visual 
grading analysis (VGA) and image criteria scoring (ICS). The 
results from each observer were saved in a log file to be ana-
lysed using Excel and SPSS. It is a software that is DICOM 
compatible and the interface is easy to use15-16.

Table 2: Anatomical criteria used for perceptual image quality analysis applying a 

nominal scale (yes/no)

Criteria Appraiser 
combinations

For the Cobb angle estimation, 
can you visualize the following?

Not adequate Adequate

… superior vertebral endplate Yes/No Yes/No

… inferior vertebral endplate Yes/No Yes/No

… inter-vertebral spaces Yes/No Yes/No

… vertebral body Yes/No Yes/No

… posterior vertebral body line Yes/No Yes/No

Phase 4 – Cobb angle measurements

In this phase, seven digital images were selected (includ-
ing lowest CNR, medium CNR, highest CNR and the 
reference) for drawing the Cobb angle stored on the AGFA 
IPD viewer system (ADC-QS). The lines to determine the 
Cobb angle were drawn along the superior and inferior ver-
tebrae of the T3 and T12 respectively by each observer and 
ADC-QS automatically measured the angle (Figure 1d). Lit-
erature highlights the thoracic region as the most prominent 
for a spinal curvature in paediatrics17. 

All images were anonymised to reduce bias. Before the 
task began, all observers were trained and the images used 
for the training were discarded from the study. A ten minute 
interval between this phase and the previous was allocated 
to minimise error18. 

All equipment is subject to regular quality control (QC). 
All equipment QC results fall with manufacturer specifica-
tions.

Statistical analysis

Data was analysed using Excel and SPSS to perform 
descriptive statistical analysis. Linear correlations (r2) and 
Cohen’s Kappa coefficients were also undertaken to observe 
the relationship between the variables and observers respec-
tively. Five observers were used to determine the reliability 
for perceptual IQ. Kappa coefficients allow for the nominal 
scale used in the criteria to give statistical relevance to the 
study19.Three of the images were repeated three times to 
perform an inference sample and attain the standard devi-
ation (StD) of the overall angle measurement. The StD was 
used to determine the level of accuracy for the angle meas-
urements.

Figure 2: Lateral view showing Regions of Interest [ROI1 (vertebrae body) and ROI2 (lung)] to 

perform contrast-to-noise ratio (CNR) measurements.
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R E S U L T S

The results were sub-divided according to the dependent 
variables (E and IQ) and independent variables of position, 
kVp, the use of a grid and SID (see Table 1).

Effective dose

Under the conditions: 66 kVp, broad focus, no grid and 
150cm SID, E was highest at images acquired in the AP 
position (0.048 mSv) when compared to PA (0.013 mSv). 
For lateral projection the E was lower than AP (0.025 mSv). 
When a grid was in use (AP - 0.097 mSv, PA - 0.041 mSv and 
lateral - 0.061 mSv), E was higher.

The use of a grid showed a moderate negative linear 
correlation at 150cm SID (-0.770) and a positive linear 
correlation at 200cm SID (0.7152). No correlation was 
identified for images acquired at 180cm SID (0.1141). 
In contrast, the image acquisition without a grid saw a 
stronger negative linear correlation at 180cm SID (-0.9265) 
whilst at 200cm SID (-0.7872), a moderate correlation was 
observed. The correlation weakens at 150cm SID (0.5127). 
E decreased at the higher kVp for 180cm and 200cm 
SID, however at 150cm SID, the data showed a moderate 
increase in E (Figure 3).

Image quality  

The highest CNR was achieved at the lowest kVp of 66 
consistently across all the categories (see Table 1). A strong 
negative linear correlation of -0.974 was reached for images 
acquired at 180cm and 150cm SID without a grid using 66, 
77 and 90 kVp. Data also showed the highest SID of 200cm 
provided the highest CNR from the entire range of images 
acquired without a grid (Figure 4). Images acquired using a 
grid showed a similar trend with the highest CNR achieved 
at the lowest kVp at the SID of 200cm. No correlation was 
observed at 150cm SID (0.340) (Figure 5).

Concerning the perceptual IQ, thirty two images (out of 
37) were classified as adequate because it is possible to visual-
ise the anatomical criteria and five (out of 37) were classified 
as inadequate because one or more criteria not be identified 
by at least three observers.  

The Kappa coefficient was used to calculate the reliability 
between each observer. The level of agreement for visual-
ising the range of anatomical regions was good, however for 
anatomical regions not visualised, the level of agreement was 
very poor (-0.115 to 0.285) reducing the observer reliabil-
ity using Kappa. Observer 1 compared to 2 demonstrated a 
moderate agreement (0.534).

Figure 3:  Comparison of effective dose for a range of kVp without grid for three sources to image distance (150, 180 and 200cm).
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Figure 4:  Comparison of contrast-to-noise radio for images acquired using a range of kVp, broad focus (BF) and without grid for three sources to image distance (150, 180 and 200cm). 

Figure 5:  Comparison of contrast-to-noise radio for images acquired using a range of kVp, broad focus (BF) and with grid for three sources to image distance (150, 180 and 200cm). 

Table 3: Observers performance applying modified Cobb’s method to measure the spine curvature on lateral projections, the respective Standard-Deviation and image quality data concerning contrast-

to-noise ratio and perceptual image quality

Image Mean Angle Standard deviation Contrast-to-noise ratio Perceptual image quality

85 (Reference) 19.9 0.9 12.829 Accepted

91 16.4 2.3 9.139 Accepted

99 16.0 2.9 8.250 Not accepted

87 17.8 1.6 7.999 Accepted

12 19.0 2 3.611 Accepted

37 16.0 2.9 3.444 Accepted

Cobb angle measurement reliability

The statistical data for Cobb angle measurements are 
shown in (Table 3). The mean angle measurements showed 

for the sampled images scored by the participants ranges 
from 16 to 19.9º. The mean StD varied between 0.9 to 2.9. 
The image with highest CNR (reference image) shows the 
lowest StD (0.9).
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D I S C U S S I O N
 

Many studies have examined the impact of exposure 
parameters on dose and IQ in spine radiography; however, 
there is a lack of studies on paediatrics combining several 
exposure parameters20-22.

As noted within the results section, there are variations 
on E between different positioning, kVp range, grid and 
SID. The use of grid increased E as expected23. This was 
most evident with the AP projection. AP projection had the 
highest E compared to PA and lateral and for that reason, 
sensitive organs are more exposed to radiation effects when 
this projection is used24. Therefore, PA projection should be 
selected without grid for full spine examination on paediat-
rics to reduce E to optimise practice20. 

Literature suggests using larger SID as a strategy of 
reducing dose25-26. The results of this study are consistent 
with this as 200cm SID promoted lowest E. Concerning IQ, 
it was seen that the use of a larger SID increases CNR for the 
same kVp range because the AEC promotes uniformity of 
signal reaching the detector by increasing the mAs when kVp 
is reduced23. For this reason a higher SID should always be 
selected for optimisation of the CR system used in this study.

The use of higher kVp is a well-known strategy to 
reduce dose on paediatrics, but at the same time can 
decrease CNR20,26. On this study, it was shown that with 
higher kVp, the E is reduced for 180cm and 200cm SID, 
although this correlation was not as obvious for 150cm SID. 
This could be due to the small sample size used for this 
SID. The highest CNR was achieved at the lowest kVp of 
66; this is consistent with Gardner18. This happens because 
with lower kVp there is less scatter radiation reaching the 
detector with increasing mAs due to AEC23. Using a grid 
increases CNR as well as E26. Despite this, the observers 
were able to detect all anatomical structures on an image 
with the lowest CNR obtained without a grid. This proves 
that dose can be reduced for this specific context. It also 
proves that physical (e.g., CNR) and perceptual measures of 
image quality do not always reflect how well the observer 
can perform in their diagnostic task.

Table 3 shows that the reference image has the lowest 
StD. This confirms a good agreement level between the 
observers. The highest StD was recorded at image with the 
lowest CNR (99) and medium CNR (37), suggesting disagree-
ment between observers. The StD ranged from 0.9-2.9 and 
literature highlights that Cobb angle measurement with ≤ 2º, 
human error has no clinical impact6,27. It was also noted that 
image 99 (which did not fulfil all five criteria), the observers 

were still able to measure Cobb angle. This proves that Cobb 
angle can still be measured on images with low E considering 
this study. 

The highest agreement obtained for perceptual IQ was 
performed by observers 1 and 2. Observer 1 has the longest 
experience in clinical practice (more than 15 years) and 
observer 2 have more than five years of paediatric experi-
ence with a good understanding of the AGFA system for the 
perceptual scoring. Observers 4 and 5 had the lowest agree-
ment using the Kappa coefficient when compared against 
all observers. Observer 4 struggled to understand the task 
in the initial phase and took the longest time to adapt due 
to the lack of experience in using the AGFA system. After 
training, observer 4 assessed one specific region (the coccyx) 
for intervertebral disc space as opposed to the entire paedi-
atric spine, skewing the data. However, a decision to include 
the observer’s data was taken due to the vast experience in 
paediatric oncological radiography. Although the paediatric 
experience was an advantage, the clinical aim of the exper-
iment was different for this observer. Despite the lack of 
agreement amongst all observers, there is no statistical and 
clinical method for determining a standard. Further work 
is recommended. 

The agreement on visualising well defined structures 
is strongest across all observers. This could be related 
to the perceptual aspect of image quality where contrast 
impacts the visualisation of structures in imaging, consist-
ent with literature28-29. The images varied in contrast detail, 
confirmed by the variation in the observers ability to not 
agree on images with less defined anatomical structures. 
Conversely, although all five observers had normal contrast 
sensitivity, the sensitivity for observers 1 and 2 was lowest 
for the “low spatial frequency” (images with low contrast). 
This suggests that regardless of image quality, the observ-
ers were able to accurately draw the Cobb angle within 
the acceptable clinical limits (≤ 2°)6,27, however, the range 
of experience in assessing paediatric images may be a lim-
iting factor to the lack of agreement. The poor agreement 
of observer 5 can be explained by their use of tools as they 
were the only observer to use post processing tools through 
the use of the window level and the zoom function. These 
aspects of experience are identified as a limitation to the 
study and a proposal for more experienced observers and 
a robust protocol for perceptual IQ assessments are rec-
ommended.

Limitations are evident in this study. The sample size is 
limited on the basis of the high range of parameters (grid, 
spot size, tube voltage and current, SID and position) that 
resulted in an inclusion criteria with a reduced sample size.
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C O N C L U S I O N

The purpose of this study was to optimise exposure 
parameters for full spine paediatric radiography. The anal-
ysis showed that using higher SID, a dose reduction can be 
achieved and also an improvement on CNR. Using higher 
kVp promotes lower E but at the same time can decrease 
CNR. However, it was possible to verify that when IQ is 
considered inadequate by the observers the clinical goal can 
be achieved in this context as the Cobb angle measurements 
were performed with a lower error. This also confirms that 
perception of IQ is dependent on the characteristics (e.g. 
perception, experience and visual characteristics) of the 

observer. The optimal exposure parameters for full spine 
lateral computed radiography applied on paediatrics con-
sidering this specific context are 200cm SID, 90 kVp, broad 
focus and grid out. 
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A B S T R A C T

Patients scheduled for a magnetic resonance imaging (MRI) scan sometimes require screening for 

ferromagnetic Intra Orbital Foreign Bodies (IOFBs). To assess this, they are required to fill out a 

screening protocol questionnaire before their scan. If it is established that a patient is at high risk, 

radiographic imaging is necessary. This review examines literature to evaluate which imaging modality 

should be used to screen for IOFBs, considering that the eye is highly sensitive to ionising radiation 

and any dose should be minimised.

Method: Several websites and books were searched for information, these were as follows: PubMed, 

Science Direct, Web of Knowledge and Google Scholar. The terms searched related to IOFB, Ionising 

radiation, Magnetic Resonance Imaging Safety, Image Quality, Effective Dose, Orbits and X-ray. Thirty 

five articles were found, several were rejected due to age or irrelevance; twenty eight were eventually 

accepted.

Results: There are several imaging techniques that can be used. Some articles investigated the use of 

ultrasound for investigation of ferromagnetic IOFBs of the eye and others discussed using Computed 

Tomography (CT) and X-ray. Some gaps in the literature were identified, mainly that there are no 

articles which discuss the lowest effective dose while having adequate image quality for orbital imaging.

Conclusion: X-ray is the best method to identify IOFBs. The only problem is that there is no research 

which highlights exposure factors that maintain sufficient image quality for viewing IOFBs and keep 

the effective dose to the eye As Low As Reasonably Achievable (ALARA).

I N T R O D U C T I O N

Magnetic Resonance Imaging (MRI) is a method of sec-
tional assessment that provides excellent differentiation of 
many tissues types in different areas of the body with the 
advantage of using non-ionizing radiation. It is essential for 
medical diagnosis and has evolved very quickly, providing 
valuable advances in clinical practice1-2.

The main principle of MRI is the interaction of atoms 
which have a magnetic moment within an applied magnetic 
field3. Magnetic susceptibility defines the extent to which 
a material becomes magnetized when placed in a magnetic 
field. Materials with positive magnetic susceptibility are 
called paramagnetic; those with negative magnetic suscepti-
bility are called diamagnetic. Ferromagnetic materials, such 
as iron, cobalt and nickel, are superparamagnetic and so 
are highly likely to be affected by magnetism. The most 
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common Intra-Ocular Foreign Bodies (IOFB) are iron par-
ticles2,4.

MRI is contraindicated if there are any ferromagnetic 
foreign bodies present, as the magnetic force emitted may 
result in movement of the metal, causing serious injuries1. In 
relation to the orbits, movement of any metal fragments can 
cause very serious damage, and even blindness in extreme 
cases5. To prevent damage to the eye, strict pre-assessment 
protocols have been advocated prior to any MRI scanning, 
however this is not a legal requirement, only a recommen-
dation1.

Patients are asked to fill in a questionnaire that helps 
determine whether they have, or are at high risk of having, 
any ferromagnetic IOFBs6-8. If a high risk is determined, 
the patient may be referred for further imaging. There are 
several imaging options available to confirm the presence 
or absence of any IOFB including plain film orbital X-ray, 
CT and ultrasound6. The most commonly used method 
is X-ray of the orbits. However, the lens of the eye is 
particularly sensitive to ionising radiation. A late onset 
consequence of ocular radiation exposure is clouding of 
the lens, known as cataracts9. Therefore, it is crucial to 
ensure that any imaging is justified and radiation dose to 
the eye is kept ALARA10. 

M E T H O D O L O G Y

Eight investigators searched several online databases and 
websites for literature. The searches took place on PubMed, 
Science Direct, Web of Knowledge and Google Scholar. The 
search terms used were as follows and were searched both 
alone and in combinations; Radiation Dose, Eye, Orbits, 
Ocular, X-Ray, Ultrasound, Sonography, MRI, MRI Safety, 
CT, Epidemiology, Cataracts, Foreign Body, Image Quality, 
IOFBs, Radiology and Metal. The language searched was 
English. The years searched ranged from 1986 to the present, 
due to lack of very recent publications. The inclusion crite-
ria for the selection of the articles for the construction of 
this literature review were: 1) Comparison between multiple 
image-related methods for detection of IOFB; 2) Identifying 
several reports about MRI incidents regarding ocular IOFB. 
The exclusion criteria applied to articles that referred to use 
of film in radiography rather than CR, except an article from 
1986 that reports the first case of ocular injury on an MRI 
site. These searches yielded 35 papers, several of which were 
rejected due to age, irrelevance to the review, and language. 
This left 28 papers and books that were relevant to the study 
and were subsequently used.

The importance of screening before MRI

Several published cases of injuries as a result of ferro-
magnetic IOFBs in MRI scanners exist. The first, in 1986, 
involved a sheet-metal worker with an occult IOFB. He 
experienced severe pain as a result of a vitreous hemorrhage. 
This resulted in subsequent unilateral blindness when he was 
removed from the 0.35T scanner10-12. Williamson et al per-
formed various MRI scans with a 0.08T scanner on bovine 
eyes containing ferromagnetic IOFBs. They concluded that 
the particles did not move, however they proposed that using 
a higher field strength may cause intraocular damage12-13. 
This was confirmed by Gunenc et al when they used a 1.0T 
scanner. The IOFBs inserted in bovine eyes were shown to 
move by 7 to 10mm12,14. 

Due to the 1986 report, several measures were recom-
mended to screen patients for MRI examinations before they 
entered into the MRI controlled area. To decide whether 
screening is necessary, the patients are asked to complete 
a written questionnaire. An example of this form can be 
accessed through www.mrisafety.com7. Table 1 provides a 
list of examples of questions asked to patients at different 
imaging sites across the UK with regards to IOFB safety. This 
is provided courtesy of Bailey et al, which they took from a 
1996 newsletter published by the British association of MR 
Radiography12.

Table 1: Range of questions in 78 UK sites6
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However, the safety questionnaire is not always able 
to accurately identify patients with IOFBs. According to 
Bowman et al, a 63 year-old male metal worker requiring 
a brain MRI denied any history of an IOFB. After MRI he 
complained of pain and developed hyphema12. Bailey et al 
give several reasons why this could happen: “(a) Situations 
where the patient has no recollection of history of IOFB or 
occupational exposure to penetrating metallic fragments, 
(b) the patient forgets a previous history of a metallic pene-
trating orbital injury, (c) the condition of the patient might 
inhibit their abilities in answering the screening question-
naire, and/or (d) the patient could fail to disclose relevant 
information regarding an orbital injury”6.

The American College of Radiology (ACR) state that “all 
patients who have a history of orbital trauma by a potential 
ferromagnetic foreign body for which they sought medical 
attention are to have their orbits assessed by either plain 
X-ray orbit films (2 views) or by a radiologist’s review and 
assessment of contiguous cut prior CT or MR images, 
obtained since the suspected traumatic event, if available.”6. 
However, Shellock and Kanal have a different opinion to the 
ACR and believe only certain patients should be considered 
“high risk” and should be categorized by size and location 
of the fragment. Specifically they say that not every metal 
worker is to be considered a “high risk” patient; only the 
ones who have a history of eye injury should have radio-
graphic screening prior to MRI. Although, they do consider 
it important that MR sites have a standardized policy and 
set guidelines for screening patients with suspected ferro-
magnetic IOFBs15.

In summary, it is important that patients who are at “high 
risk” of ferromagnetic IOFBs must have some form of radio-
graphic screening of which a range of options are available6. 
However, it is essential to consider the radio-sensitivity of 
the eye and the effects ionizing radiation has on the lens.

The use and optimisation of X-ray

According to the Safety Committee of the Society for 
Magnetic Resonance Imaging “the use of plain radiography 
is considered to be an acceptable technique for identifying or 
excluding intraorbital metallic foreign bodies that represent 
a potential hazard to a patient about to undergo MRI”5.

Imaging protocols for orbital X-ray acquisition vary from 
hospital to hospital, however the images produced are fairly 
standardised and usually consist of Postero-anterior (PA) 
skull radiography16-17. 

The great debate in radiography remains the question 

of balance between image quality and radiation dose to 
the eye. Even different textbooks used worldwide differ 
in their opinions of the positioning technique, kV, mAs 
and Source to Image receptor Distance (SID) ranges. For 
example, Bontranger et al says that by using 75kVp, 18mAs 
and a SID of 100cm, with a PA axial 30° caudal angle and 
resting the forehead and nose on the Image Receptor (IR) 
(Caldwell’s method) the petrous ridge will be projected onto 
the inferior orbital floor, or even under it, allowing clear 
visualization of the orbits17. Ballinger et al. says that for 
the localization of IOFBs using radiography it should be 
performed using two perpendicular projections – lateral 
and PA axial with a 30° caudal angle. This author also says 
that some physicians prefer to use a modified Waters posi-
tioning (25°-37° caudal beam angulation and central ray 
directed to the nasion instead of the acanthion) instead of 
Caldwell´s method18. Richards et al defends that the Par-
allax motion method can determine if an IOFB is located 
within the eyeball by acquiring two lateral and two PA 
modified Waters exposures; one exposure is acquired with 
the patient looking to the extreme right, and the other one 
to the extreme left19. Clark´s textbook (12th edition) says that 
the parameters should be 70-85kVp, but does not specify 
mAs or SID. It goes on to say that the patient should rest the 
chin and nose on the IR and the orbito-meatal line should 
be positioned at a 35° to the central ray, which is perpen-
dicular to the IR. Clark’s recommends this positioning to 
‘’exclude the presence of metallic foreign bodies in the eyes 
before MRI investigations’’16. 

The use of CT in ocular investigation for ferromagnetic 
IOFBs.

Pinto et al regard CT very highly in terms of IOFB 
detection, and believe that it is the most sensitive method 
in IOFB detection, as it can accurately detect and localise 
many different foreign bodies in the eye including metallic 
objects20. Saeed et al argue that CT provides better fragment 
localisation than X-ray and if the IOFB is too small to be 
seen on X-ray it will be seen on CT21. Cullen et al disagree 
with Saeed et al. Cullen et al conducted research using eyes 
of rabbits which showed that 3mm x 0.72mm fragments 
demonstrated some movement but caused no damage. From 
this, they concluded the much higher level of radiation dose 
required during CT imaging is unnecessary if the previous 
X-ray assessment cannot detect the IOFB. If the IOFB is too 
small to be affected by the electromagnetic field it will not 
move and cause any damage to the eye; this is particularly 
true in scanners of 1.5T and below21-22. It must be considered 
that these studies were done in dead animals, so there is no 
blood flow or pressure in the eye, so this may have affected 
their results.
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Although CT is widely regarded by many studies as a 
good detection tool for IOFBs, the ionising radiation dose 
to the eye is considered by others to be unreasonably high. 
This is especially true when considering that Otto et al say 
that if the particles are so small that they cannot be detected 
on X-ray, when the patient is submitted to an MRI scan the 
movement of the IOFBs will not be sufficient to penetrate far 
enough into the eye to cause any resultant damage23.

The effect of radiation on the eye

Absorbed ionising radiation can cause biological 
changes, depending on the area of anatomy exposed. 
Biological changes vary from stochastic to determinis-
tic. Stochastic effects are changes that are possible when 
the anatomy is exposed to any amount of ionizing radia-
tion, whereas deterministic effects will occur for certain, 
once the area has been exposed to a specified amount of 
radiation. In considering the eye, radiation effects are 
deterministic. Cataract formation begins after a dose of 
around 2Gy, and will have become fully opaque after an 
accumulation of 5.5Gy9. 

A cataract is a clouding of the lens and is associated 
with visual impairment. Anatomically, cataracts can be 
classified into three categories: nuclear sclerosis, cortical 
cataracts and posterior subcapsular cataracts24. According 
to numerous studies, which have investigated the asso-
ciation between the formation of cataracts and genetics, 
hereditary factors play a role in age-related cataract forma-
tion in around 50-70% of cases24-25. Additionally, ionizing 
radiation is known to be cataractogenic26-27 and the Inter-
national Commission on Radiological Protection (ICRP) 
(2012) recognises cataracts are a late stage deterministic 
effect of radiation exposure28.

The ICRP recommend a reduction in planned exposure 
to the lens of the eye and so any ionising radiation exposures 
should be justified and kept ALARA, therefore ruling out 
use of CT28. 

Radiation free alternatives for IOFB identification

Radiation free alternative imaging techniques exist to 
identify IOFBs, and therefore should be investigated thor-
oughly. One study compared X-ray, CT and ultrasound 
of the eye, and their respective detection rates for IOFBs. 
X-ray was shown to be able to correctly identify size and 
shape of any metallic IOFBs, CT identified all IOFBs and 
provided information regarding the relationship to the globe 
wall. Sonography provided the same detail as CT but gave 
no ionising radiation dose29. However, a different study has 
discredited ultrasound in IOFB detection due to its unac-
ceptable negative predictive value (85.2%)30 and due to false 
detection of IOFB the patient may be denied a scan that 
could, possibly provide important diagnosis information.

On the whole there is not enough evidence to credit 
ultrasound as a first line imaging modality, however, for the 
time being, it can only be used in conjunction with other 
imaging modalities when looking for IOFBs29.  

C O N C L U S I O N

Ferromagnetic IOFBs can be very dangerous for a patient 
who is undergoing MRI. They need to be identified prior to 
the MRI scan and there are several imaging modalities that 
provide varying levels of information on the location, size 
and shape of the fragments. The lens of the eye is highly 
radio-sensitive and therefore this needs to be considered 
when requesting imaging. Ultrasound gives no ionising 
radiation dose but there is a lack of evidence to use it as 
a first line modality. CT provides detailed information and 
detection of the ferromagnetic fragments but the radiation 
dose is unnecessarily high when X-ray can provide suffi-
cient information using a lower dose. However, there is still 
controversy regarding the optimal technique and exposure 
factors that are appropriate and effective for this method of 
imaging. Further investigations are required to identify the 
optimal exposure factors to use to provide a diagnostic image 
whilst keeping the radiation dose ALARA.
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A B S T R A C T

Purpose: To investigate whether standard X-ray acquisition factors for orbital radiographs are suitable 

for the detection of ferromagnetic intra-ocular foreign bodies in patients undergoing MRI.  

Method: 35 observers, at varied levels of education in radiography, attending a European Dose 

Optimisation EURASMUS Summer School were asked to score 24 images of varying acquisition factors 

against a clinical standard (reference image) using two alternative forced choice. The observers were 

provided with 12 questions and a 5 point Likert scale. Statistical tests were used to validate the scale, 

and scale reliability was also measured. The images which scored equal to, or better than, the reference 

image (36) were ranked alongside their corresponding effective dose (E), the image with the lowest dose 

equal to or better than the reference is considered the new optimum acquisition factors.

Results: Four images emerged as equal to, or better than, the reference in terms of image quality. The 

images were then ranked in order of E. Only one image that scored the same as the reference had a lower 

dose. The reference image had a mean E of 3.31μSv, the image that scored the same had an E of 1.8μSv.

Conclusion: Against the current clinical standard exposure factors of 70kVp, 20mAs and the use of 

an anti- scatter grid, one image proved to have a lower E whilst maintaining the same level of image 

quality and lesion visibility. It is suggested that the new exposure factors should be 60kVp, 20mAs and 

still include the use of an anti-scatter grid. 

* Acknowledgments to College of Radi-

ographers Industry Partnership Scheme 

(CoRIPS) for the grant awarded to H. 

Momoniat.

I N T R O D U C T I O N

A case from the 1980’s, highlighted by Kelly et al, saw 
an American man being blinded by an undetected metal 
fragment when undergoing a Magnetic Resonance Imaging 
(MRI) scan. Even though he provided a history of Intra 
Orbital Foreign Body (IOFB) to the radiographers and 
underwent a subsequent plain X-ray examination, the frag-
ment was undetected upon first review of the image1. After 
the MRI incident the IOFB was seen on the image, suggesting 
that the technique used was not optimised and the quality of 
the image was so low that human error meant severe harm 
to the patient, highlighting the importance of image optimi-
zation while maintaining As Low As Reasonably Achievable 
(ALARA)2 principle.

Prior to MRI scan, a safety questionnaire is a good instru-
ment to evaluate whether a patient is at “high risk” of having 
an IOFB and therefore an orbit X-ray candidate3. Although, 
there is a case which the patient denied having any IOFB and 
later he developed hyphema due to a ferromagnetic fragment 
in the eye4.

The lens of the eye is considered to be one of the most 
radiosensitive tissues of the human body and high or 
repeated direct exposure causes lens clouding or cataracts, 
a type of visual impairment5. For that reason it is of para-
mount importance to optimise dose when performing an 
orbit X-ray.

This study will investigate image quality and dose optimi-
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sation in Computed Radiography (CR) in relation to orbital 
X-rays for MRI screening.

M E T H O D S  A N D  M A T E R I A L S

Equipment and phantom setup

An adult anthropomorphic head phantom was posi-
tioned for a postero-anterior (PA) projection of the orbits 
in accordance with standard radiographic texts6-7 (Figure 1). 
Images were acquired using a Wolverson Acroma X-ray unit 
(high frequency generator with VARIAN 130 HS standard 
X-ray tube with a total filtration of 3mm Aluminium equiv-
alent). The source-to-image receptor distance (SID) was set 
at 100cm and all images were acquired using the same 18 
x 24cm CR image receptor (IR). The primary X-ray beam 
was collimated to include the lateral skull margins and the 
whole orbital region and was thus fixed at 21.5 x 8.5cm. An 
Agfa 35-X digitizer (Agfa-Gavaert Corp, Mortsel, Belgium) 

was used to process the images using a skull look up table. 

IOFB simulation

Five ferromagnetic IOFBs (<1.0mm) were fixed to the 
anterior aspect of the orbital region of the phantom on the 
right eye in a pre-determined distribution (Figure 2). The 
left eye was maintained free from IOFB and would be used 
to simulate a normal examination.

Image acquisition

A set of images, for the purpose of both image quality and 
dosemetric analyses, were generated using the phantom and 
the following acquisition parameters. For peak tube poten-
tial, images were acquired at 10kV increments from 60 to 
90kVp. For mAs, 5.0, 20.0 and 40.0 were selected.  For the 
first set of images the IR was placed in the vertical bucky 
which included a secondary radiation grid (ratio 10:1, 40 
lines/cm). A second set of images was acquired without a 
radiation grid using the same kVp and mAs settings.

Figure 1: An illustration of the X-ray equipment and phantom setup used in this study. The annotations represent the collimation, the sandbag which steadied the phantom head (to the bottom left) 

and sellotape used to ensure no movement.
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Figure 2: The image sample demonstrates a normal eye (left) and one eye (right) with 5 IOFBs.

Figure 3: A PA orbital radiograph demonstrated the location and size of the two ROIs used in the physical measurement of image quality.

A total of 24 different acquisition factor combinations 
were selected and acquired. For each of the settings, three 
X-ray exposures were obtained and the Dose-Area-Product 
(DAP) values were recorded. At each acquisition parameter 
combination a single image was send to an archive and the 
Exposure Index (LgM) was recorded.

Image quality analysis

Physical measures

Acquired images were first evaluated using physical 
measures of image quality, to validate the image quality 
scale and gave an objective measure of image quality. Mean 
and standard deviation pixel value at two locations were 
calculated using the ImageJ software (National Institute of 
Health, Bethesda, MD) using a fixed sized region of interest 

(ROI). Two ROIs (S1 and S2) were plotted (Figure 3) and 
from this signal-to-noise (SNR) and contrast-to-noise (CNR) 
values were calculated. SNR was defined as the mean pixel 
value divided by the standard deviation for each ROI, CNR 
was defined as the difference between the mean pixel values 
divided by the standard deviation between each ROI. These 
methodologies have been used in similar experiments8-9.

Perceptual (visual) tests

35 observers from the Netherlands, Switzerland, Portugal, 
Norway and UK volunteered for the image quality test (mean 
age = 26.1, range = 19 - 56). All observers had normal to cor-
rected-to-normal vision, although, one participant who would 
usually wear glasses had forgotten them. The scale was pro-
duced through literature review and focus group discussion. 
Reliability and validation were tested. This approach has been 



OPTIMAX 2014 – radiation dose and image quality optimisation in medical imaging62

used in similar radiographic projects reported in the litera-
ture8,10. Observers were radiographers (students or qualified 
practitioners) on a European Dose Optimisation EURASMUS 
Summer School. Images were initially analysed visually used 
two alternative forced choice comparisons (2AFC)8. 2AFC 
assesses the psychometric responses of observers who are pre-
sented with two separate images and has been used extensively 
within radiography to compare image quality8,11-14. Limited 
resources meant 2AFC was as follows, two observers shared 
one screen and the set up was modified as follows; on the top 
of the screen, two reference images were fixed, on the bottom 
the remaining images were presented to each observer in a 
random order. Selection of a reference image was based on 
those parameters which reflect typical clinical averages, this 
was decided by discussions between the study researchers 
(70kVp, 20mAs and inclusion of an anti-scatter radiation grid). 
For each image, observers were required to indicate their level 
of agreement for each scale item against the reference image, 
where 1 was much worse, 2 worse, 3 the same, 4 better and 
5 much better (Table 1). A score of 3 indicated a comparable 
image to the reference image for that specific criterion.

Test procedure

Two participants at a time viewed the reference and com-
parison images on a split screen 30 inch Eizo MX300 (Eizo 
Corp, Hakusan, Ishikawa, Japan) liquid crystal display (LCD) 
monitor with a resolution of 2 megapixels, as stated above. 
Monitors were calibrated to DICOM greyscale standard 
display function (GSDF) and the ambient lighting conditions 
were kept constant and dimmed (i.e., 32 Lux) in accordance 
with the European Guidelines on Quality Criteria for Diag-
nostic Radiographic Images15. Noise levels and interruptions 
to image review were minimised using a sign on the door. 
Full instructions to observers were given at the start of the 
visual assessments and observers also were subject to a short 

training session prior. Definitions for each image quality cri-
terion were provided in writing together with an anatomy 
and IOFB location visual aid (Appendix A).

Scale validation

Testing of the scale included the use of both physical 
measures and scale questionnaires returned from the first 
16 participants. Correlations between SNR and mean image 
quality scores (total per image) have been used previously8. 
Using all data collected in our study, there was almost no 
correlation between total image quality score and SNR (S1  

R2 = 0.022, p=0.910, S2 R2 =0.031, p=0.886; Figure 4). 

For CNR there was a moderate positive correlation R2 = 
0.302, p<0.005 (Figure 4) against total score.

Validating a scale which includes both normal anatomy 
and simulated lesions is likely to require metrics other than 
SNR and CNR. Evidence presented above confirms that 
image quality scores do have some relationship with SNR 
and CNR. Time constraints only allowed for one test, re-test. 
The ICC was 0.508 (95% CI). Rosner (2011) suggested that 
values in the region of 0.40-0.75 indicate fair to good repro-
ducibility.

Based on a review of SNR and mean image quality scores 
(IQS) from 35 participants there were still no significant 
correlations identified with respect to the full image quality 
scale (S1 : R2 = 0.001, p = 0.884, S2 : R2 = 0.009, p = 0.655).

There was statistically significant correlation between 
SNR and the average IQS for question 5 (S1 : R2 = 0.595, p < 
0.001, S2 : R2 = 0.588, p < 0.001) (Figure 5).

Further validation analyses were undertaken on a per 
question basis. CNR did demonstrate a moderate posi-
tive correlation with mean IQS for question 1 (R2 = 0.446, 
p <0.001), question 7 (R2 = 0.449, p <0.001), question 8 R2 
= 0.432, p<0.001), question 10 (R2 = 0.413, p = 0.001), and 
question 12 (R2 = 0.401, p = 0.001). CNR demonstrated a 
lower positive correlation with mean IQS for question 9 (R2 

= 0.338, p = 0.003), question 11 (R2 = 0.374, p = 0.002) and 
for the total IQS (R2 = 0.380, p = 0.001).

Evidence presented above and in the early stage (n=16) 
scale validation indicates that IQS do have some relationship 
with SNR and CNR.

In order to test the reliability of the image scoring system 
inter-observer variability ICC values were calculated for 
each image.

Contrast between air-filled structures and the surrounding tissues/
structures

Trabecular pattern of the visualised bones

Sharpness of the orbital rim

Visibility of the superior orbital fissure

Quality of noise

With respect to the visualised 
lesions:

Brightness

Contrast

Visibility 

The scale consisted of a total of 12 items. 

Table 1: Summary of the perceptual image quality scoring questionnaire (scale) used in the 

experiment
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Figure 4: Scatter plots of SNR and CNR when compared to mean total image quality scores of question 5.

Figure 5: Scatter graphs of SNR compared to average total image quality scores of question 5. Figure 6. The histogram showing all mean image quality scores for all 24 images.

This used a 2-way mixed effect model for absolute agree-
ment and the SPSS computer software (IBM Corp, 2011). 
The ICC (N = 35) is 0.456 (95% CI). When interpreting ICC, 
Rosner, suggested that values in the region of 0.40-0.75 indi-
cate fair to good16.

Radiation dosimetry

DAP readings were recorded during acquisition. An 
average of three readings was taken for each image acqui-
sition. Effective dose (E) were calculated from the DAP 
using Monte Carlo simulation software (PCXMC 2.0). The 
PCXMC, Monte Carlo base computer software uses compu-
tational hermaphrodite phantom defined by mathematical 
expressions to compute organ and E of patients of differ-
ent ages and sizes in freely adjustable X-ray projections and 

other examination conditions used in radiology17. PCXMC 
calculates Es using ICRP, 2007 publication 103 recommen-
dations15,18. The reliability of this software is supported by 
literature demonstrating results in close agreement with dose 
measurements and calculations of other phantom models 

Statistical analysis

All IQS were transferred to SPSS (IBM Corp., 2011) 
and mean scores across 11 criteria were calculated, due to 
an understanding that many observers did not understand 
question 6. In terms of dose optimization images close to 
reference IQS (mean L15 = 3.0) were identified. Identified 
images (4 images) were compared with the reference image 
by non-parametric Wilcoxon matched-pair signed-rank test 
(corrected for multiple comparisons).
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R E S U L T S

Perceptual image quality

Figure 6 shows the mean IQS for each of image with a 
range from 1.584 (St. Dev = 0.456) to 3.283 (St. Dev = 0.340). 
The mean values which scored above the reference image 
(represented by the dotted line) suggest better IQS. Several 
images scored just below the reference image. 

Images for further analysis were identified by their mean 
IQS (compared with the reference image) and E (µSv). Wil-
coxon matched-pair signed-rank test showed the mean IQS 
for images L3 (P= 0.963), L27 (P = 0.945) and L55 (P = 0.803) 
were not statistically significant from the reference image 
L15. However, image L2 (P = .000) was statistically signifi-
cant compared to the reference image, L15, the Wilcoxon test 
is not able to differentiate which direction the mean differ-
ence is in. But the difference in the mean IQS for L2 and L15 
(Table 2) suggests that observers rate L2 significantly higher 
than the reference image L15. 

D I S C U S S I O N

Study findings

The results from this pilot study suggest that using 60kVp 
20mAs does not significantly affect the perceived image 
quality when compared with the clinical average which 
is 70kVp 20mAs. However the 60kVp 20mAs (1.821µSv) 
reduce the E with 45% compared with the reference image 
(3.308µSv). Some of the images in the Figure 6 scored slightly 
higher, lower, or close to the reference image but were 
excluded from further study based upon their E. One of the 
images (6.279µSv) that was excluded had an 89% increase 

in E compared with the reference image but scored higher. 
The perceived image quality of image L2 (60kVp 40mAs, 
3.762µSv) is significantly higher than the reference image 
but it provides a 13% dose increase when compared with the 
reference image (see Table 2). 

Literature comparison

The results show that, as with kVp decrease, E decreases 
but IQS remain very similar. This is supported in the work 
of Allen et al, whose research states that a 10kVp decrease 
will see a decrease in E with no real compromise in image 
quality19. This is supported in the above results as the 
reference image has an E of 3.30µSv, and where the mAs 
stays the same and the kVp decreases from 70 to 60, the 
E decreases to 1.82µSv. The mean IQS for both images is 
very similar, with a small difference of 0.1 in favour of the 
lower kVp image.

Ma et al also agree that the image quality remains the 
same while decreasing E between 70kVp and 60kVp. They 
see similar results in their study where the dose for an acqui-
sition at 70kVp is around 3µSv, and when it is reduced to 
60kVp, the dose is reduced to around 2µSv11. This reflects 
the above results.

Implications on clinical practice

After more in depth research is conducted, presuming 
the results are similar to the above, implications on clinical 
practice may be that the new, lower acquisition factors are 
trialed in only a and the image quality tested by experienced 
and qualified film readers to see whether they can still see 
any IOFBs with the lower exposure. If the film readers still 
maintain a high rate of IOFB identification then the new 
exposure may become the standard.

Recommendations for improvement

Several factors may have influenced the study, subse-
quently limiting it. The first was related to the images for 
analysis. Problems occurred when the observers noticed 
differences in shuttering throughout the images, which 
occurred due to a post processing error. This meant that 
observers found it more difficult to compare the images 
fully, and the investigators found it harder to place the 
ROIs. Some observers complained that the LCD screens 
had a coloured tint and that changed their perception to 
some degree, although this was an uncommon report. 
Some observers reported a misunderstanding of ques-
tion 6, these results were subsequently removed for all 
observers.

Image 
Name

kVp mAs E (µSv) Mean 
IQ 
score

Std. 
Dev 
score

Wilcoxon 
signed 
rank (with 
ref image 
L15)

L3 60 20 1.821 3.01 0.31 p > 0.05

L15 (ref 
img)

70 20 3.308667 3 0.27 -

L55 60 40 3.531333 2.93 0.31 p > 0.05

L2 60 40 3.762667 3.28 0.34 p < 0.05

L27 80 20 5.025 2.99 0.33 p > 0.05

Table 2: Describes the descriptive values for each tested image and p
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The pre-questionnaire observers were asked to fill out 
before performing image analysis highlighted the variety in 
the participants. This meant level of experience within the 
participants could be monitored. A range of people at differ-
ent levels in their radiographic education (whether qualified 
or student) were asked to participate. Students at a lower 
level may have been less experienced in image evaluation, 
but this was controlled as much as possible by universal 
training. Only two participants highlighted this as a problem 
and subsequently withdrew from the study voluntarily. The 
experience level could have affected the ICC but we can’t 
discount other variables.

The conditions in the room were controlled as much as 
possible; however other groups of researchers were using it. 
This meant that some noise (talking) and light (from the door 
opening and closing) were exposed to the participants while 
they graded the images. This may have been distracting but 
was minimised and was not reported as a problem.

Recommendations for further work

In further studies, the participants asked could be con-
trolled, and invite only qualified radiographers alongside 

reporting radiographers and radiologists to grade the images. 
This change may improve the external validity of the findings 
due to the increase in relevant experience. 

Different projections could be acquired to try and minimise 
dose such as a caudal angle as suggested by Bontrager et al20. 

It may be interesting to repeat the investigation using a 
Direct Radiography (DR) system. The reduction in exposure 
from film to CR was drastic (75kVp and 40mAs with a dis-
tance of 90cm to 70kVp, 20mAs and a distance of 100cm) and 
so the E decreased largely, it is likely the dose would decrease 
with the progression of technology.

C O N C L U S I O N

The results of the study indicate that there is an oppor-
tunity in CR radiography to decrease the acquisition factors, 
namely kVp, in orbital X-rays. The radiograph that demon-
strated 60kVp, 20mAs and 100cm SID was rated similarly 
in image quality to the reference, or clinical average, and 
provides a dose of 1.8µSv rather than the clinical average 
of 3.3µSv.
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Pressure mapping
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A B S T R A C T

Purpose: Pressure ulcers are a high cost, high volume issue for health and medical care providers, 

having a detrimental effect on patients and relatives. Pressure ulcer prevention is widely covered in the 

literature, but little has been published regarding the risk to patients in the radiographical setting. This 

review of the current literature is to identify findings relevant to radiographical context.

Methods: Literature searching was performed using Science Direct and Medline databases. The search 

was limited to articles published in the last ten years to remain current and excluded studies containing 

participants less than 17 years of age. In total 14 studies were acquired; three were excluded as they 

were not relevant. The remaining 11 studies were compared and reviewed.

Discussion: Eight of the studies used ‘healthy’ participants and three used symptomatic participants. 

Nine studies explored interface pressure with a range of pressure mat technologies, two studies 

measured shear (MRI finite element modelling, and a non-invasive instrument), and one looked at 

blood flow and haemoglobin oxygenation. A range of surfaces were considered from trauma, nursing 

and surgical backgrounds for their ability to reduce pressure including standard mattresses, high 

specification mattresses, rigid and soft layer spine boards, various overlays (gel, air filled, foam).

Conclusion: The current literature is not appropriate for the radiographic patient and cannot be 

extrapolated to a radiologic context. Sufficient evidence is presented in this review to support the need 

for further work specific to radiography in order to minimise the development of PU in at risk patients.

I N T R O D U C T I O N

Pressure Ulcers (PUs) are an injury to the skin and deep 
tissue, mostly occurring over bony prominences, resulting 
from pressure, or the combination of pressure and shear1. 
PUs are a high cost problem for health care providers across 

Europe. The number of patients afflicted reaching over 18%2 
with one UK study as high as 20%3 costing the National 
Health Service £1.4–£2.1 billion annually (4% of total NHS 
expenditure)4. PUs also have a detrimental effect to the 
patients physical and psychological wellbeing. It is widely 
accepted that the action being taken to treat and prevent 
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PUs is outweighed by the size of the problem5. Therefore it is 
imperative that all measures must be taken to identify avoid-
able instances, where the risk can be reduced or eliminated.

Unrelieved pressure leads to the formation of PUs, and 
immobility is a significant risk factor in this process6-8. The 
current literature is focused towards finding the minimum 
safe time and pressure parameters, before mobilisation is 
necessary to avoid formation of PU. Pressure ulcer preven-
tion policies and guidelines have been published in Europe 
and the UK9-10. The main focus of these guidelines is repo-
sitioning to reduce the time of immobility and the amount 
of pressure on vulnerable areas. The evidence suggest that 
high pressures for a short time are just as damaging as low 
pressures over a long time. In a number of radiological 
procedures within Nuclear Medicine, Computed Tomog-
raphy, Magnetic Resonance and Interventional Radiology, 
the patient is purposefully immobilised for periods of 
20 minutes, sometimes in excess of 2 hours. On occasion 
patients are restrained to inhibit movement for the acqui-
sition of useful images and minimise exposure to ionising 
radiation.

Within the radiographic field, movement during an 
examination would cause the resultant images to be diag-
nostically unacceptable, leading to repeat examinations and 
increasing the dose to the patient. This review of the liter-
ature will identify current pressure ulcer research useful to 
the field of radiography and possibilities for further work.

M E T H O D S
  

Literature searching was performed using Science 
Direct and MEDLINE databases using the search terms as 
seen in Table 1, from January 2004 to August 2014. Paedi-

atric studies were excluded. Fourteen studies in total were 
acquired of which three were excluded as one was only avail-
able in Japanese, one was a duplicate across the databases and 
another looked at wheelchair users. This paper will review 
the remaining 11 studies.  

Limit to 	 ≦ 10 years old

		  Journal articles only

Exclude 	 studies of participants < 18 years age 

		  Seated - Wheelchair

Discussion

All studies were published in peer reviewed journals with 
a mean impact factor of 1.4059.

Participant demographics

Eight of the eleven studies were performed with ‘healthy/
able bodied participants’. The remaining three were samples 
of convenience including acute care, hernia repair and 
patients at risk of developing PUs. Although using healthy 
participants is a convenient and acceptable practice for this 
kind of study, it brings with it a number of limitations. The 
health of the ‘patients’ is a determining risk factor for the 
formation of PUs11, studying ‘healthy’ participants will affect 
the external validity of the findings as they cannot be extrap-
olated to the population at risk.

The samples disclosed are representative of the general 
population, with ages ranging from 17 to 95. Five of the 
studies include BMI details of the participants, of these only 
one analyses the data for comparison as a variable. Of the 
308 participants for the 11 studies 52% were female and 47% 
male, showing no overall gender bias. One study omitted 
gender information (5 participants). 

Pressure measurement tools 

Measuring Interface Pressure (IP), as force per unit, is not 
the recommended gold standard indication for ischemia in 
tissue. The process of PU development involves a complex 
interplay of several factors such as shear, blood flow, deep 
tissue pressure etc. However it is a convenient and widely 
accepted method. Pressure mats consist of capacitative 
sensors, placing pressure on these sensors results in poten-
tial difference. Nine of the studies used pressure mapping 
technology from various manufacturers. Rothenberger et al12 

explored skin perfusion dynamics due to external pressure, 
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Table 1: Search terms for databases
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for this they used Doppler flowmetry and tissue spectropho-
tometry. This study is the first to assess micro perfusion and 
although the justification for this is sound, it results in research 
that cannot be compared to the existing body of work on PU. 

Shear is when two parallel forces act against one another 
to cause distortion in the body stretching and narrowing 
blood vessels. Fontaine et al propose a measurement combin-
ing pressure and shear, for this they have developed a shear 
sensor consisting of two parallel plates with an electronic 
device measuring relative movement between plates. Shear is 
also explored by Oomens et al13 with the use of finite element 
modelling. This method is complex and lengthy meaning the 
study only included 3 participants.

Comfort / Pain measurement tools 

Of the 11 studies only two mention patient comfort, 
King et al14 noted that comfort is not usually taken into 
account and gave a brief narrative of participant comments 
but offers no further analysis. Keller et al15 used a 10-point 
visual analogue scale to collect participants’ assessment of 
comfort. Visual analogue scales are considered to have good 
reliability and construct validity but do have some potential 
for error in interpretation16. This can be due to participant 
variation across a group. A published review of alternating 
pressure air mattresses for preventing PU by Vanderwee et 
al2 found that only 4 of 35 studies reported comfort as a 
primary outcome. The review goes further, discussing the 
validity of the methods for collecting comfort data, conclud-
ing that more studies are needed to evaluate comfort and 
better measures need to be devised. A Cochrane review17 of 
support surfaces for pressure ulcer prevention excluded two 
studies in 112 for only measuring ‘subjective’ outcomes, and 
included 5 with comfort as a secondary outcome showing a 
large gap in the current research.

Visual erythema grading tools

Two studies performed visual inspections for erythema, 
as an indication of tissue damage18-19. Thorne et al offer no 
information about the tool used so no further comment can 
be made. A published grading tool used by Hemmes et al18 

showed a significant number of patients with hyperaemia. 
No interpretation of the data is offered, so further work is 
needed to see how this relates to necrosis and ischemia. 

R E S U L T S
 

The gold standard clinical outcome for PU studies is the 
measure of pressure ulcer incidence, due to cost, availabil-

ity of resources, and time, intermediate outcomes are often 
measured in the literature.

Nine studies used IP as the primary outcome. Three of 
them recorded mean average pressure20-22. Miller et al20 noted 
the capillary occluding measurement of 32mmHg. They 
compared the average number of red sensors with a reading 
over 90mmHg across the two surfaces. It was noted that the 
lab surface with 2-20 red sensors would be less effective at 
reducing pressure than the surgical table pad with 1-6 red 
sensors. No further justification is offered for considering 
the higher mmHg. Moysidis et al compare mean IP with 
contact surface area and pressure distribution as rate of low 
pressures (5-33mmHg) for three surfaces. The findings are 
not statistically significant, but do suggest that the higher 
specification surfaces produce less IP, and as the specification 
of the surface increases so does the contact area. Patel et al22 

compared 5 existing high specification mattresses against a 
standard mattress using measures of mean IP, contact area 
and contact area of pressures above 32mmHg. From the find-
ings the mattresses were ‘ranked’ according to the ability to 
reduce interface pressure.

Three studies assessed mean peak pressure of ‘jeopardy’ 
sites, the areas more likely to be at risk of developing PUs, 
including head, scapula, sacrum, and heels15,19,23. Fontaine et 
al23 also explored shear as a secondary outcome measure as 
the right-heel measuring force. Findings were compared for 
three surfaces in both supine and head of bed (HOB) eleva-
tion positions. Whilst the comparisons for supine position 
are relevant to the radiography setting the HOB elevation 
results cannot be considered. For the supine position no sig-
nificant results were obtained for any of the ‘jeopardy’ areas 
measured. Three surfaces including two mattresses and a 
spinal board studied by Keller et al15 directly compared the 
mean IP for the ‘jeopardy’ areas and found the spinal board 
to have the highest pressure. This finding was also reflected 
in the mean comfort scores. Thorne et al19 explored the use 
of a gel overlay in an ancillary setting and found no signifi-
cant reduction in mean peak pressure. None of these studies 
divulged the regions of interest for the mean peak IP.

Two studies also looked at ‘jeopardy’ areas but recorded 
the pressure of the single highest sensor (peak)14,24. Chung et 
al explored the changes in pressure for a standard mattress at 
various HOB angles, and no comment is made about the peak 
pressure in the supine position. King and Bridges compared 
three surgical patient surfaces designed to reduce pressure, all 
surfaces reported a peak pressure measurement in the ‘jeop-
ardy’ areas lower than 90mmHg. The use of the 90mmHg 
benchmark is attributed to previous work by Kosiak7. Only 
one study includes the head in this assessment as most studies 
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use a pillow to support the head14. The use of support aids in 
the radiological setting may not always be appropriate.

One study measured both peak pressure for scapula and 
heels, and mean peak pressure for the sacrum18. The single 
highest sensor readings were taken for the sites with prom-
inent bone near the surface. For the sacrum which is a larger 
area of high pressure the sensor with the highest value and 
the 8 adjacent to it were averaged for the peak pressure 
index. Two spinal boards were compared with these meas-
ures and significantly lower readings were reported on the 
soft layered spinal board compared to the rigid spinal board. 

Oomens et al13 measured shear, as maximum shear strains 
for the primary outcome of a comparison of rigid and soft 
layer spinal boards. A region of interest was selected around 
the sacrum and the maximum shear strains recorded. The 
findings on the rigid spinal board exceed the critical range 
for inducing deformation of tissue, those on the soft layered 
did not exceed the threshold for damage.

Rothenberger et al12 measured blood flow and haemo-
globin oxygenation as arbitrary units. They used the Oxygen 
to See (O2C) device to calculate the blood flow. Findings 
show that there was significant difference in the sacral area 
between the three mattress surfaces and the hard control 
surface. This is the only study to compare a hard surface 
to the support surfaces. Haemoglobin readings showed no 
significant change.

Overall, three studies found that IP decreases on soft 
layer spinal boards. Two studies found the results to be body 
morphology dependant suggesting the need for further work 
exploring BMI, waist to hip ratio, and body morphology. 
Both Thorne et al and King and Bridges14,19 found no sig-
nificant differences between surfaces. All studies compare 
different surface options for the clinical setting giving rec-
ommendations on which is best to reduce pressure. 

Surfaces 

Support surfaces from trauma, surgical and nursing set-
tings are explored in the literature. Spinal boards, both rigid 
and soft layer were compared by Hemmes et al, and Oomens 
et al. Keller et al13,15,18 also looked at a rigid spinal board in 
comparison to vacuum mattress, and semisoft overlay mat-
tress. Standard hospital mattresses with a number of pressure 
reducing overlays; air, gel, fluid, foam, and viso-elastic were 
explored in four studies (Fontaine et al, King and Bridges, 
Miller et al, and Thorne et al)14,19-20,23. A range of ‘stand-
ard’, higher specification, vacuum, and viso-elastic hospital 
mattresses were compared by Myodis et al, Patel et al, and 

Rothberger et al. Chung et al12,21-22,24 compared HOB eleva-
tions on a standard hospital bed and mattress. None of the 
studies explored the use of ancillary support surfaces.

Time for acquisition

Four of the studies gave no indication of how long the par-
ticipants were monitored during measurement acquisition. 
‘Settling in’ time to allow for stable pressure measurements is 
documented in the wider literature as being between 4 and 6 
minutes. Three studies allowed settling in time before acqui-
sition, Miller et al20 allowed 4 minutes, Moysidis et al and 
Rothenberger et al12,21 both allowed 6 minutes. Hemmes et al, 
and Keller et al15,18 only disclose the total time on the surface 
of 15 and 5 minutes respectively giving no information about 
when during this time the pressure data acquisition occurs. 
5 frames in total were collected by Thorne et al at 5 minute 
intervals over 20 minutes starting at zero. Three frames at 
50s, 100s, and 150s were collected by King and Bridges14 after 
a 150s settling in period. 

Data analysis

Analysis of the data was performed using a range of pro-
grammes including SPSS, SAS, Microsoft Excel and Access. 

Radiography

No studies include imaging surfaces for comparison. The 
literature as of 2010 showed only one study of PU develop-
ment in the radiography field, showing the incidence of PU 
in patients undergoing radiology procedures was 53.8%25. 
Sufficient evidence has been found to suggest that ancillary 
support surfaces can incur high interface pressures. Results 
from the studies included in this review cannot be accurately 
interpreted for radiological surfaces. Radiological surfaces 
are designed by manufacturers to be radiolucent and any-
thing added to the table such as mattresses or overlays would 
increase dose to the patient. Also patients undergoing radi-
ological examination are required to be immobile. None of 
these considerations have been taken into account in the 
current literature.

Validity

Whilst all the studies are valid for their intended clin-
ical audience for example Trauma, Nursing, and Surgery, 
they cannot be interpreted for the radiographic context. The 
exclusion of all unnecessary materials, positioning aids, mat-
tresses and the use of immobilisation devices all contribute 
to a controlled environment. These specific constraints are 
not yet represented in the literature. 
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C O N C L U S I O N
 

This review offers an overview of the current literature 
that could also be relevant to imaging surfaces in a radi-
ological context. The literature is offered from two main 
backgrounds, nursing and surgery. Whilst the recommen-
dations from the studies reviewed are applicable to the 
fields they are designed from they cannot be extrapolated 
for radiographic context. The need for further work, specific 

to radiography, is essential to minimise the development of 
PU in at risk patients.
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A B S T R A C T

Introduction: Pressure ulcers are a high cost, high volume issue for health and medical care providers, 

affecting patients’ recovery and psychological wellbeing. The current research of support surfaces 

on pressure as a risk factor in the development of pressure ulcers is not relevant to the specialised, 

controlled environment of the radiological setting.

Method: 38 healthy participants aged 19-51 were placed supine on two different imaging surfaces. The 

XSENSOR pressure mapping system was used to measure the interface pressure. Data was acquired 

over a time of 20 minutes preceded by 6 minutes settling time to reduce measurement error. Qualitative 

information regarding participants’ opinion on pain and comfort was recorded using a questionnaire. 

Data analysis was performed using SPSS 22.

Results: Data was collected from 30 participants aged 19 to 51 (mean 25.77, SD 7.72), BMI from 18.7 

to 33.6 (mean 24.12, SD 3.29), for two surfaces, following eight participant exclusions due to technical 

faults.  Total average pressure, average pressure for jeopardy areas (head, sacrum & heels) and peak 

pressure for jeopardy areas were calculated as interface pressure in mmHg. Qualitative data showed 

that a significant difference in experiences of comfort and pain was found in the jeopardy areas (P<0.05) 

between the two surfaces.

Conclusion: A significant difference is seen in average pressure between the two surfaces. Pain and comfort 

data also show a significant difference between the surfaces, both findings support the proposal for further 

investigation into the effects of radiological surfaces as a risk factor for the formation of pressure ulcers. 

I N T R O D U C T I O N

Many medical imaging procedures, especially inter-
ventional procedures, can take up to 20 minutes or more1. 
During imaging, patients are required to lie completely still 
as movement during acquisition could make the resultant 
procedure diagnostically unacceptable. Whitley et al2 argued 
that movement during X-ray procedures is a major contribu-
tor to loss of diagnostic value, leading to repeat examinations. 
Repeating an X-ray examination carries further risk, not just 

in terms of the patient experience but also because of the risk 
of the additional dose of radiation2.

Studies have shown that sustained interface pressure for 
more than 20 minutes can cause tissue breakdown2. Lack of 
movement, as in the radiographical context, will increase 
the length of time the interface pressure between the patient 
and the imaging surface is maintained. Interface pressure 
is defined as the pressure exhibited between the body and 
a contact surface3. This could heighten the probability of 
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developing Pressure Ulcers (PU)2.

A search of the available literature reveals that there 
are currently no studies which investigate the relation-
ship between radiological surfaces and interface pressure, 
and how these could affect the formation of PUs in at risk 
patients. Using healthy participants, this experimental study 
will therefore:

•	 Identify and compare the interface pressure of healthy 
participants on two imaging surfaces;

•	 Identify and compare the average and peak interface 
pressures of three areas of interest (head, sacrum and 
heels) of healthy participants on the two imaging surfaces;

•	 Compare the level of comfort of healthy participants on 
the two imaging surfaces;

•	 Explore the level of pain experienced by healthy partici-
pants on the two imaging surfaces.

Hypothesis

•	 The average interface pressure will be higher on the 
imaging surface without the mattress;

•	 The areas of interest (head, sacrum, heels) will have a 
higher interface pressure on the imaging surface without 
the mattress;

•	 The overall comfort will be higher on the mattress 
surface;

•	 The participants will experience higher pain when the 
interface pressure is higher in the three areas of interest.

M E T H O D O L O G Y

Ethical approval

This study was approved by the ethics committee of 
the College of Health and Social Care of the University of 
Salford, Manchester, UK.

Study design and setting

This study used pressure mapping equipment and 
software to measure interface pressures of 38 healthy par-
ticipants whilst lying still on two medical imaging surfaces. 

The experiment was conducted in the medical imaging lab-
oratory of the Escola Superior de Tecnologia da Saúde de 
Lisboa (ESTeSL) in Portugal during the Erasmus OPTIMAX 
2014 Summer School.

Sample

A convenience sample of 38 healthy participants aged 
19-51 was taken from a population of 65. These participants 
were from different countries in the European Union, with 
different academic backgrounds, attending the OPTIMAX 
summer school.

Inclusion criteria

•	 Healthy adults, 18 years or older were recruited to the 
study and therefore the findings of the study can be gen-
eralised to an adult population. Gelis et al5 stated that 
adult populations constitute the majority of all PU cases 
and recommended that studies into measuring interface 
pressures should be targeted at this population group, so 
that the findings will be beneficial for clinical practice.

Exclusion criteria

•	 Participants with a height of 177cm or more were 
excluded from the study, due to the limitations of the 
pressure mat dimensions.

•	 Participants with any health condition, such as back pain, 
that prevents them from lying still for 20 minutes were 
excluded from the study. This was to ensure that partic-
ipants can lie still during the acquisition of the interface 
pressure as excessive movement would render the data 
unusable in the study4.

•	 Participants who could not participate on the grounds of 
religious beliefs. 

Surfaces

Two imaging surfaces available at the Escola Superior 
de Tecnologia da Saúde de Lisboa were used for the study.

•	 Norland XR-36 bone density scanner with a mattress;

•	 Siemens MULTIX Pro X-ray table without a mattress.

The Siemens X-ray table is typical of many systems avail-
able in radiographical departments throughout Europe. The 
Norland density scanner is not in regular use, but the mat-
tress was designed for radiographic practice, as such the 
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findings of this study should be representative of available 
equipment.

Measurement tools

Pressure Mat – This study used the XSENSOR 
PX100:48.144.02 pressure mat from Sumed International. 
Various clinical studies5 and academic studies6 used the 
XSENSOR to perform pressure mapping on humans. Fader 
et al7 stated that XSENSOR appears to be the gold standard 
technology for pressure mapping. Manufacturer calibration 
and quality control data, prior to sales, confirm a high level 
of precision and reliability8.

The pressure mat is flexible, has a 61cm x 183cm 
sensing area, 12.7mm resolution, 6,912 sensing points, 
and 5-50mmHg and 10-200mmHg pressure ranges8, and 
an accuracy rate of ± 10 percent of the calibrated values5. 
The XSENSOR has been calibrated to manufactures spec-
ification. The pressure mat transmits individual pressure 
measurement from each sensor to a computer for analysis5.

The pressure mat was linked to XSENSOR X3 Medical 
v5.0 software, which according to Trewartha and Stiller6 has 
excellent calibration stability leading to consistent data col-
lection with high reliability, high accuracy and low creep, 
defined as the increase in pressure with constant force.

Questionnaire – A 5-point Likert scale questionnaire was 
used to assess participants’ level of comfort and pain. The 
Likert scale is the most widely used format for designing a 
questionnaire9. The questionnaire was checked for validity 
and unethical questions. Preston and Colman10 suggested 
that scales ranging from 5-101 response categories show 
little difference in validity and reliability. Open-ended 
questions were asked in order to explore the experience of 
the participants, providing responses in their own terms7. 
This qualitative questionnaire was filled out after each 
pressure measurement to provide subjective information 
in a standardised design11. Brace11 discussed that by using a 
questionnaire one can assure all participants are asked the 
appropriate questions and that they are always asked in the 
same way, thus standardising the acquisition. Furthermore 
time constraints made it impractical to conduct verbal inter-
views with the participants; therefore a questionnaire was 
desirable.

Pilot

A pilot study was performed with a participant repre-
sentative of the target population to assess the validity and 
reliability of the equipment and method. The height limi-

tation of the XSENSOR mat was discovered and exclusion 
criteria were implemented. During acquisition in the pilot 
the participants feet were immobilised to prevent movement. 
However this was not carried forward in to the main study 
so participants’ feet were in their natural position. This was 
to better assess their level of comfort, and get a true baseline 
reading.

Data collection

Quantitative – The XSENSOR equipment was securely 
fixed onto the imaging surface with tape to ensure that it 
remained in place during data acquisition. Once secure, the 
pressure mat was not removed or repositioned until the full 
sample had been acquired. The pressure mat was checked to 
ensure that it worked to the manufacturer’s specifications, at 
this time some artefacts in the data were noted and recorded 
for further evaluation. Participants signed up at a mutually 
convenient time to participate in the study. The participants 
were given the opportunity to read the information sheet, 
and to ask questions or seek clarification. Subsequently, par-
ticipants were asked to sign a consent form.

Participants were asked to change into a pair of leggings 
and two t-shirts. This was to respect participants’ privacy 
and standardise clothing. Fader et al12 established that dif-
ferent clothing has different impacts on interface pressure 
and advised that studies involving interface pressure meas-
urements should have standardised clothing. The height and 
weight of the participants were measured and recorded prior 
to acquisition. Participants were then asked to lie supine on 
the pressure mat with their hands pronated. Positioning of 
participants was checked to ensure they were lying straight, 
in the centre of the mat.

A similar study by Stinson et al3 measured interface pres-
sure over a 20 minute sitting period and established that the 
pressure values change significantly over the first 6 minutes, 
this increase in pressure values may be due to creep. Six 
minutes were anticipated by Stinson et al to be an optimal 
settling time prior to interface pressure measurement. A 
settling time of 6 minutes was used in this study, to reduce 
measurement error.

A supervisor from the research team was present at each 
acquisition to monitor participants and equipment.

Qualitative – The patient experience in the clinical setting 
is of paramount importance, and a number of studies and 
reviews recommend that further work should be done in this 
area to explore personal opinions13. Following pressure data 
acquisition participants were asked to complete a question-
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naire devised by the research team, it included five questions, 
two of which were on a five-point Likert scale. These two 
questions consisted of numerical descriptions with verbal 
anchors. In a cross-national setting, there is the potential for 
reliability error due to differences in knowledge, perceptions 
and familiarity with research instruments14. In this study the 
participants were assisted in completing the questionnaire 
by a member of the research team to assist in definitions 
and clarity. 

Data analysis

From the data acquired for participants on each of the 
surfaces the average pressure and the peak pressure in 
mmHg of the whole body and the areas of interest (head, 
sacrum and heels) were calculated. When taking the average 
readings, of the sacrum, the lower limit of the pressure was 
set to 32mmHg, as this represents the value from which the 
pressure may influence the formation of Pus15. Objective 
data analysis was achieved by selecting and averaging 30 
frames per person on both surfaces in order to ensure the 
reliability of results therefore verifying the non-existence of 
data changes obtained due to the performance of the equip-
ment. The peak pressure measurements, of the sacrum, were 
collected by selecting an area of 3x3 cells with the highest 
pressure value in the centre, in order to calculate the mean 
peak value16. SPSS version 22 was used to assess normal dis-
tribution of data using histograms and Shapiro-Wilk tests. 
In the second phase, the average pressures of both the mat-
tress and the X-ray table were compared using a paired t-test. 
Measures of the average and peak pressures were taken at 
the triple jeopardy areas and a comparison between the three 
individual areas on both surfaces were made using a paired 
t-test. Finally, a qualitative analysis was made in order to 
verify the relationship between the pain experience in the 
triple jeopardy areas during the experiment and the average 
pressure obtained in those areas. A Wilcoxon test was used to 
compare the level of pain in each of the triple jeopardy areas 
and the overall comfort of the participants.

R E S U L T S

 
Quantitative -

The data sample of 30 healthy participants was analyzed. 
The sample included 24 females (80%) and 6 males (20%) 
with an age range from 19 to 51 (mean=25.77; SD=7.72) and 
a BMI range from 18.7 to 33.6 (mean 24.12; SD=3.29). The 

average pressure of both surfaces is presented in Table 1. The 
results indicate a significant difference (P<0.001) in average 
IP between the different imaging surfaces showing a higher 
average pressure on the X-ray table with a mean difference of 
11.95mmHg (Figure 1). In the measurements of average and 
peak pressures of the triple jeopardy areas (Table 1, Graphic 
1 and 2) the pressure reduction was found to be statisti-
cally significant in all three areas for the different surfaces 
(P<0.001). In both the peak and average pressure measure-
ments, it was found that the pressure is higher on the X-ray 
table than in the density scanner with a mattress (Figure 
2). For peak pressure the mean differences achieved for 
each area were 96.06mmHg (head), 117.61mmHg (sacrum) 
and 85.30mmHg (heels) and the differences obtained for 
the average pressures were 53.19mmHg, 19.18mmHg and 
38.11mmHg respectively. There was no correlation between 
BMI and average pressure (r2 =0.029).

Table 1: Interface pressure measurements on the whole body, average and peak values 

for the triple jeopardy areas

Siemens 
MULTIX Pro 
X-ray table 
without a 
mattress

Norland 
XR-36 bone 
density 
scanner with a 
mattress

P value

Total Average 
Pressure

43.04 ± 3.75 31.09 ± 2.34 <0.0001

Peak pressure measurements 

Peak Head 159.72 ± 45.88 255.77 ± 1.18 <0.0001

Peak Sacruma 97.65 ± 36.14 215.26 ± 54.6 <0.0001

Peak Heels 161.56 ± 63.02 246.87 ± 32.51 <0.001

Average Pressure measurements 

Average Head 53.92± 14.42 107.11 ± 19.29 <0.0001

Average 
Sacrum 

48.83± 5.25 68.01 ± 10.09 <0.0001

Average Heels 58.36 ± 19.54 96.48 ± 26.28 <0.0001
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Qualitative - 

The comfort levels between the mattress and the X-ray 
table varied, 50% of the participants found the surface with 
a mattress was comfortable or very comfortable, compared 
to the X-ray table where only 23% found the mattress com-
fortable or very comfortable. 10% of participants described 
the X-ray table as very uncomfortable, whereas none of the 
participants scored the mattress as very uncomfortable.

There is a significant difference in the pain experienced 
in the sacrum and head (P<0.001) between the two surfaces. 
The participants experienced more pain in the head when 
lying on the X-ray table compared to the other areas of inter-

est. For the other jeopardy areas the pain experienced by the 
participants was higher for the hard surface as well. 

D I S C U S S I O N

The results obtained in our study confirm that the average 
IP for whole body and average of the triple jeopardy areas 
were higher in the hard surface. All of the IP values recorded 
for the mattress surface showed an improvement when com-
pared to the hard surface. From this we can say that with 
the inclusion of radiolucent mattresses average pressure 
of the jeopardy areas can be reduced below the accepted 
benchmark of 90mmHg, the bony prominences may need 
a thicker or higher specification mattress13. Although most 
jeopardy area values recorded from both surfaces still exceed 
the standard for a hospital mattress (60mmHg). The mat-
tress surface provides a more even distribution of pressure in 
the jeopardy regions; this is comparable to a previous study 
that found greater distribution to be in agreement with the 
conclusion, that higher specification surfaces reduce the 
incidence of PUs, proposed in a recent Cochrane analysis 
(Moysidis).

The open-ended questions revealed themes of movement 
and loss of sensation, a number of the participants high-
lighted that they had ́ twitched´ or were ́ shocked´, suggesting 
that they had moved during the 20 minutes which in practice 
may have a negative impact on image quality.  More partici-
pants had a sensation of ‘numbness’ on the mattress surface, 
this is an issue that needs further work as loss of sensation 
is another risk factor for the formation of PUs (NICE CG 
179, Cochrane review).

The participants found the mattress surface to be overall 
more comfortable (P=0.015) and less painful in the head and 
sacrum, this is comparable with the findings of King and 
Bridges. When asked if the participants felt like moving 22 
said yes on the mattress surface, whereas only 19 said yes 
on the hard surface, implying that although the mattress 
appears to reduce discomfort and interface pressure partic-
ipants where more inclined to move. More research needs 
to be done to look at the movement of patients, on various 
surfaces, during radiography image acquisition.

Limitations

This study included only healthy participants; it is rec-
ommended that further work be undertaken with samples 
including at risk patients.

The Norland XR-36 bone densitometry scanner is out-

Figure 1: Graph comparing average pressure in mmHg for each of the jeopardy areas for both 

the mattress and the x-ray table. Inc standard deviation.

Figure 2: Graph comparing peak pressure in mmHg for each of the jeopardy areas for both the 

mattress and the x-ray table. Inc standard deviation. a Mean peak of the 3x3 area.
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dated equipment and may not be found in most radiology 
departments. Nevertheless the findings of this study are likely 
to be comparable to imaging surfaces with thin radiolucent 
mattresses. Further research exploring interface pressure on 
other surfaces often used in radiology is recommended.

C O N C L U S I O N

A significant difference in average interface pressure 
is demonstrated between imaging surfaces, justifying the 
need for further investigation into pressure reducing sur-
faces and overlays in the radiographic context. A mattress 
surface reduces both average and peak interface pressures 
on the whole body and the three jeopardy areas. Therefore 

it can be assumed that the use of a mattress will reduce the 
probability of developing pressure ulcers.  There is a sig-
nificant difference in pain and comfort assessment between 
the two surfaces, which also supports the findings in favour 
of using radiolucent mattresses or supports (pillows, props, 
foam pads) where possible.
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A B S T R A C T

This paper reviews the literature for lowering of dose to paediatric patients through use of exposure 

factors and additional filtration. Dose reference levels set by The International Commission on 

Radiological Protection (ICRP) will be considered. Guidance was put in place in 1996 requires updating 

to come into line with modern imaging equipment. There is a wide range of literature that specifies that 

grids should not be used on paediatric patients. Although much of the literature advocates additional 

filtration, contrasting views on the relative benefits of using aluminium or copper filtration, and their 

effects on dose reduction and image quality can vary. Changing kVp and mAs has an effect on the dose 

to the patient and image quality. Collimation protects adjacent structures whilst reducing scattered 

radiation.

I N T R O D U C T I O N

It is the responsibility of the radiographer to select the 
correct exposure factors to produce an image that is diagnos-
tically acceptable whilst maintaining a reasonably low dose 
to the patient1. Ionising radiation has been shown to cause 
cancer since early in the use of medical imaging2. Whilst 
children are developing, their cells are rapidly dividing, 
making them more predisposed to increased DNA damage 
and malignant changes later in life3. It has been estimated 
that radiation exposure in the first 10 years of life has an 
attributable lifetime risk4, therefore dose is of high consider-
ation especially in paediatric examinations. It is important to 
ensure dose is kept as low as reasonably achievable (ALARA)5 

as stated in the ICRP guidance6, whilst maintaining accept-
able image quality. 

Due to the associated risks of ionising radiation, it is 
essential to try and find optimal exposure / acquisition 
factors and if required additional filtration to reduce dose. 
Research has shown that additional filtration of 0.2mm of 
copper (Cu) can reduce dose by up to 40%7. Filtration works 
by hardening the beam, meaning more useful X-rays reach 
the image receptor and the low energy X-rays are filtered 
out without being detrimental to image quality. Uffmann 
and Schaefer-Prokop state that standard tube filtration in 
diagnostic radiology, as required by regulations, is 2.5mm 
of the aluminium (Al) equivalent5.

Diagnostically acceptable image quality does not mean as 
good as possible, but rather as good as is needed. Exposure 
factors can be manipulated to achieve a low dose with diag-
nostically acceptable image quality; this can be achieved by 
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altering kVp and mAs. This review article concentrates on 
literature relating to analysing ionising radiation dose and 
diagnostic image quality in paediatric pelvis imaging.

 This paper reviews evidence about cancer risks, the 
effects of changing acquisition parameters (eg kVp, mAs, 
grid, collimation and copper filteration) and the influence 
this has on patient dose. Visual and physical evaluation of 
image quality, dose estimation (Monte Carlo) and diagnostic 
reference level will be discussed.

The search strategy for literature was peer reviewed 
journal articles from PubMed. Additional material used was 
Grey literature, professional guidelines, and international 
standard documents
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Cancer risks in paediatric imaging

Since the discovery of the risks of using X-ray imaging 
there has been a debate on optimising the image quality and 
minimising dose. Because of this, the concept of ALARA was 
developed. This is to protect the patient so that an image 
is obtained that is adequate for diagnostic purposes, whilst 
the radiation dose is kept as low as reasonably achievable8. 
In paediatric imaging there can be a higher risk of develop-
ing cancer from X-ray imaging through stochastic effects, 
because children are expected to live longer than adults. In 
addition they have a more rapid cell division, which makes 
them more sensitive to radiation9. This causes an awareness 
of lowering the radiation dose in X-ray imaging, especially 
for children. The necessity of the image needs to be higher 
than the risks of taking it5,10, that is, the examination needs to 
be justified. The pelvis examination is a common region with 
high dose, compared to other radiographic exposures. One 
pelvis image has the same effective dose as 35 chest images8, 
causing more concern in children, particularly of dose to 
the gonads. The pelvis area has organs and tissues that are 
highly radio-sensitive6. 

Changing parameters to lower the dose – kVp, mAs and grid

Radiographers can change a number of exposure factors, 
including kVp and mAs; these regulate the X-ray beam 
quantity, thereby affecting the patient dose and quantity of 
radiation received by the image receptor1. Changes in these 

factors must be performed cautiously because it is impor-
tant to perform examinations according to the philosophy 
of ALARA. Therefore optimisation is a balance between the 
risk of the ionising radiation exposure and the advantage 
of the diagnostic imaging to the patient10. The increase of 
kVp and mAs result in an overall increase of patient dose 
and also result in more signal reaching the detector that 
should reduce the noise in the image and improve the 
SNR10. According to European Guidelines the parameters 
advised for paediatric pelvis X-ray in AP projection are 60 
– 70 kV and < 10ms11. The anti-scatter grid is used to filter 
out the scattered photons, thereby improving the quality of 
the image by increasing the contrast. However, the dose to 
the patient can be increased by a factor of two compared 
with not using a grid10,12. In paediatrics, the use of a grid is 
not recommended, the proportion of diffused radiation is 
much lower and therefore has no impact on the quality of 
the image12. In cases where high voltages are used then a grid 
must be used; it is suggested the grid be composed of materi-
als with low attenuation such as carbon fibre or non-metallic 
materials11. In practice, the proportion of diffused radiation 
is so small that the grid is not used for paediatric patients, as 
dose increases unnecessarily10.

In previous studies, a steep increase in dose was observed in a group 
of children aged 3-7 years due to the use of the grid4. However, for 
children over 15 a significant increase in image quality is 
seen when a grid is used. On younger children, the quality of 
images without grid is considered to be of an acceptable diagnostic level13.

Collimation

Collimation restricts the X-ray beam to the body part 
that is to be examined, protecting the adjacent structures 
from being exposed unnecessarily. It also reduces the scat-
tered radiation that arrives to the detector contributing to 
an improved contrast resolution and image quality. As the 
collimation field is reduced so too is the tissue volume irra-
diated and, as a result, the overall integral dose reduces at the 
same time as the radiation risks14-15.

Diagnostic reference level and dose lowering

To keep the radiation dose under a maximum level, The 
ICRP has developed a diagnostic reference level (DRL). There 
are difficulties developing these levels because all patients are 
different. Even though the patients´ age, gender and thick-
ness of the anatomy being X-rayed is the same, there can be 
other variations that need to be considered. Furthermore, 
a child will have tissue with a higher water content than an 
adult, therefore radiation is absorbed differently. A higher 
kVp is needed to penetrate an adult for the same thickness12. 
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Considering these factors, a scale was devised showing that 
for a 5 year old child in an AP pelvis examination, there is a 
maximum of 0.9 mGy expressed in entrance surface dose per 
image. Some of the factors that can be alternated in lowering 
the dose is kVp, mAs and filters6.

Filtration – Copper 0.1mm and 0.2mm 

In most radiological facilities found in practice, there is 
a recommended filtration of at least 2.5mm of aluminium 
inside the tube11. Adding an additional filtration can harden 
the photon beam and reduce the proportion of lower energy 
radiation. Part of the low-energy radiation is completely 
absorbed by the patient and is not used for the production 
of the X-ray image whilst also increasing the dose to the 
patient unnecessarily. This is why thin sheets of metal such 
as copper or aluminium are used as additional filtration7,11. 
Several authors recommend the use of additional filtration 
rather than decreasing the kVp to reduce patient dose5.

Using thin layers of copper can reduce the dose at the 
entrance to the patients by up to 40% following the body 
part that is considered7. Using 0.1 and 0.2mm copper is sug-
gested and is commonly used in practice for radiographs in 
paediatric departments5. The use of copper is recommended 
compared to the aluminium because it can absorb a larger 
proportion of lower energy radiation. However, the disad-
vantage of the use of copper is the need to increase kVp to 
compensate for the additional attenuation produced by the 
filter7. According to a previous study, the use of copper pro-
vides additional filtration to reduce the dose at the entrance 
of the skin of the patient, without reducing the image quality. 
However, the SNR and CNR are affected by the additional 
copper filtration16. Yet Brosi et al state that the potential con-
sequences due to reduced contrast from the use of copper 
filtration are minor in digital imaging systems as contrast 
can be changed in post-processing17.

Evaluation of image quality

The ALARA principle states that although dose needs to 
be kept low, it is important to maintain an image quality that 
is diagnostically acceptable. Image quality is based on the 
sharpness of the details, the contrast, the presence or not of 
noise, the luminance, the distortion, the presence of artefacts 
or not and most importantly whether the pathology can be 
seen. Some of these factors can be measured physically and 
others visually. One of the most commonly used measura-
ble indicators is SNR5 which, aside positioning the region 
of interest, is not dependent on human observer3. Although 
the SNR is quite basic, it is useful as it includes the noise 
level, which gives an indication of image quality. High noise 

indicates a low quality image and a large SNR indicates an 
image of high quality. In the literature, the SNR is one of the 
most used factors5.

It is written in the literature that for the comparison of 
a pelvis X-ray, the most common method is achieved by 
asking questions about the visibility of a part of an images, 
such as femoral neck, sacral foramina, sacro-iliac joint and 
more13,18. The answers often use a Likert scale from 1 to 5: 
much worse, worse, same, better, much better7,13. It is also 
possible to rate the image from -2 to + 2, in much the same 
way as the 1 to 5 scale18. Every image can be evaluated one 
by one asking every question on each image or to get a ref-
erence image and compare each image to it. That last option 
is adapted to evaluate a large range of images and showing 
the differences between the two19.

Estimating dose

Monte Carlo simulations can provide estimates of organ 
and effective dose (E) for a range of radiographic examina-
tions. Such simulations calculates the patients’ organ doses 
by using the acquisition parameters – tube potential, filtra-
tion, focus skin distance, geometry of the X-ray beam – and 
also the air kerma at the point where the central axis of the 
X-ray beam enters the patient20. One example is PCXMC 
software; this provides an accurate estimation of the effective 
dose to the patient and their potential risks of cancer17.

Measuring image quality

ImageJ is a program that can display, edit, analyse, 
process, save and print 8–bit, 16–bit and 32–bit images. 
This program can calculate area and pixel value statistics 
of user-defined selections. It can measure distance, angle, 
create density histograms and line profile plots. It also sup-
ports standard image processing functions, such as contrast 
manipulation, sharpening, smoothing, edge detection and 
median filtering. ImageJ can also calculate SNR or CNR by 
choosing one or more specific regions of interest (ROI) in the 
image. The program uses one ROI for calculating the SNR 
and two ROIs to measure the CNR21. 

C O N C L U S I O N

Because of the relative high dose in a paediatric pelvis 
exam, and the stochastically high risk of developing cancer, 
this is an important area of interest in research. In radio-
graphic imaging, there will always be an ionising radiation 
dose, but the goal is to keep this as low as reasonably achiev-
able. With a combination of kVp, mAs, collimation and 
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additional copper filtration, this can be achieved. It is shown 
in previous studies that when adding copper filtration, the 
image quality remains the same or better, with a lower dose. 

This is a reason to test dose and image quality in paediatric 
pelvis exams. To prove that the image quality remains accept-
able, it is important to do a visual and physical evaluation. 
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A B S T R A C T

Purpose: To determine whether using different combinations of kVp and mAs with additional filtration 

can reduce the effective dose to a paediatric phantom whilst maintaining diagnostic image quality.

Methods: 27 images of a paediatric AP pelvis phantom were acquired with different kVp, mAs and 

additional copper filtration. Images were displayed on quality controlled monitors with dimmed 

lighting. Ten diagnostic radiographers (5 students and 5 experienced radiographers) had eye tests to 

assess visual acuity before rating the images. Each image was rated for visual image quality against 

a reference image using 2 alternative forced choice software using a 5-point Likert scale. Physical 

measures (SNR and CNR) were also taken to assess image quality.

Results: Of the 27 images rated, 13 of them were of acceptable image quality and had a dose lower 

than the image with standard acquisition parameters. Two were produced without filtration, 6 with 

0.1mm and 5 with 0.2mm copper filtration. Statistical analysis found that the inter-rater and intra-rater 

reliability was high. 

Discussion: It is possible to obtain an image of acceptable image quality with a dose that is lower than 

published guidelines. There are some areas of the study that could be improved. These include using a 

wider range of kVp and mAs to give an exact set of parameters to use.

Conclusion: Additional filtration has been identified as amajor tool for reducing effective dose whilst 

maintaining acceptable image quality in a 5 year old phantom.

I N T R O D U C T I O N

It is the responsibility of the radiographer to select the 
correct exposure factors to produce an image that is diag-
nostically acceptable whilst maintaining a reasonably low 
dose to the patient1. Ionising radiation has been shown to 
cause cancer from its early use2. Whilst children are devel-
oping, their cells are rapidly dividing compared to adults, 
making them more predisposed to increased DNA damage 
and malignant changes later in life3. It has been estimated 
that radiation exposure in the first 10 years of life has an 
attributable lifetime risk4 therefore dose is of high consider-
ation especially in paediatric examinations. It is important to 

ensure dose is kept as low as reasonably achievable (ALARA)5 

as stated in the International Commission on Radiological 
Protection (ICRP) guidance6, whilst maintaining image 
quality.

Due to the associated risks of ionising radiation, it is 
essential to optimize image quality. This can be achieved by 
altering exposure factors and using additional filtration. Fil-
tration works by hardening the beam, meaning more useful 
X-rays reach the image receptor and the low energy X-rays 
are filtered out without reducing image quality5. Using 
copper filtration has been shown to be more efficient and 
filter more lower energy photons than by using aluminium 
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filtration7. Research also demonstrates that additional filtra-
tion of 0.2mm Cu can reduce dose up to 40%8. 

Dose reference level have been set by the ICRP6 because 
of the wide variations in patients’ habitus. However the guid-
ance was put in place in 1996 and requires updating to come 
into line with modern imaging and acquisition equipment.

This article investigates dose and image optimization in 
relation to use of copper filtration, for paediatric pelvis imaging. 

M A T E R I A L S  A N D  M E T H O D S

Material

To simulate a paediatric pelvis a phantom (ATOM Dosim-
etry Verification Phantom Model 705)10, was used with the 
characteristics of a 5 year old child. 

The images were produced by varying kVp and mAs in 
set combinations based on European guidelines10. Copper 
filtration was also varied: none; 0.1mm; and  0.2mm9 (Table 
1). In total 27 images were acquired.

Table 1: Set combinations with kVp, mAs and copper filtration

          
kVp  
Filters

50 60 70

None 5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

0.1mmCu 5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

0.2mmCu 5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

5/ 3.6/ 2.2 
mAs

A SIEMENS POLYDOROS IT 30/55/65/80 X-ray unit 
combining an OPTILIX 150/30/50C X-ray tube with an 
inherent filtration of 1.0mm aluminium were used. Images 
were acquired using an Agfa CR 24 x 30 image receptor and 
processed in an Agfa CR 35-X digitizer. All equipment was 
subject to regular quality control tests and the results fell 
within manufacturer specifications.

Images were acquired in the AP standing position 
without using air gap technique. An SID of 115cm was used 
and the collimation field size 21.8cm by 18.6cm at the image 
receptor. The phantom was not moved throughout the image 
acquisition to ensure the positioning and tube parameters 

remained the same. No grid was used as this is not standard 
practice in paediatric imaging8.

Ten participants (5 experienced and 5 student radiogra-
phers) took part in the image appraisal using the 2 Alternate 
Forced Choice (2AFC) software. Images were displayed on a 
dual LCD colour monitors system (SIEMENS DSC 1904-D) 
at 1280 X 1024 resolution.  The reference image remained 
fixed on one monitor and the 27 acquired images were 
viewed randomly on the second monitor. Each participant 
performed the image appraisal twice. Image appraisal was 
performed with a low level of ambient light, in accordance 
with the European Guidelines10.

Visual image quality analysis

The reference image was agreed by a small focus group as 
being the lowest acceptable image quality so that any image 
that scored below the reference image could be excluded. 
The criteria for choosing the reference image were selected 
from the European Guidelines10 (Table 2).

Table 2: Pelvis image criteria

Item Pelvis image criteria

1. Symmetrical reproduction of the pelvis

2. Visualization of the sacrum and its intervertebral 
foramina

3. Reproduction of the necks of the femora which should 
not be distorted

4. Visualization of the trochanters consistent with age

5. Reproduction of spongiosa and cortex

To evaluate visual image quality, 2AFC software was 
used with a series of three questions for each image, with the 
purpose of observing three separate areas of the pelvis and 
scoring them. The questions focused on the right hand side 
of the pelvis as this was the location of the ROI. The ques-
tions were selected from previous research that used similar 
methods8,11 excluding the soft tissue questions because the 
phantom did not contain tissue (Table 2).

A 5 point Likert scale was used so that each of the five 
responses had a numerical value which was used to score 
each image (Table 3). To measure image quality an average 
score was obtained from each image.
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Table 3: Criteria used for evaluation

Questions

How well can you visualize the right femoral neck?
How well can you visualize the right sacro iliac joint?
How well can you visualize the sacral foramina?

Likert Scale Numerical Scale

Much worse than 1

Slightly worse than 2

Equal to 3

Better than 4

Much better than 5

 

Physical image quality assessment

To measure physical image quality, SNR and CNR cal-
culations were performed. Both programs used the right 
side of the pelvis to perform the calculation as it was clearer 
to visualise the structures and place the region of interest 
(ROIs).

SNR and CNR calculations were made using ImageJ 
software, by placing a ROI on two contrasted homogeneous 
structures of the simulated soft tissue and femoral head. The 
ROI was placed in the same location on all 27 images to get 
a true value for comparison.

To compare the dose of each image, a DAP reading was 
taken and the PCXMC software was used to calculate the 
effective dose as a comparison with image quality.  

Visual acuity

Adequate eyesight is essential to make accurate interpre-
tations for optimal patient care and cannot be compensated 
with technology12. Although the observers’ training, expe-
rience, viewing time and distance from the image are 
important variables, visual acuity is relatively easily to 
measure and correct13. Therefore, to ensure the ten partici-
pants had normal visual function, eye tests were performed 
before the image appraisal. Participants received a visual 
assessment, including visual acuity (ETDRS chart – CSV 
1000 and LogMAR Good-Lite chart), contrast sensitivity 
(CSV-1000E) and stereopsis (Randot). As it is shown on 
appendix 1, all participants were within the normal stand-

ards, therefore all qualify to participate in the research.

Statistical analysis

To investigate the intra-rater reliability the data for the 
different assessments for each observer were compared by 
means of the Intraclass Correlation Coefficient (ICC). To 
investigate the inter-rater reliability the mean scores of both 
assessments for each observer were compared with the mean 
scores of the other observers by means of the ICC.

Intra-rater reliability 
(timepoint 1 vs. timepoint 2)

Intraclass correlation 
coefficient

P-value

Observer 1 0.587 0.001

Observer 2 0.890 0.001

Observer 3 0.905 0.001

Observer 4 0.945 0.001

Observer 5 0.786 0.001

Observer 6 0.840 0.001

Observer 7 0.850 0.001

Observer 8 0.925 0.001

Observer 9 0.849 0.001

Observer 10 0.916 0.001

Mean 0.849 0.001

Inter-rater reliability 0.872 0.001

R E S U L T S

Intra- and inter-rater reliability

The intra-rater reliability of all observers was high (ICC 
> .79), except for observer 1 (ICC=0.587). The inter-rater 
reliability, the agreement between observers, was also high 
(ICC=0.872) (Table 4).

Image quality

Figures 1 to 5 have points that have specific meanings, 
the blue points represent the experimental images, the red 
point represents the image with the lowest acceptable image 
quality and the green point represents the image with the 
standard parameters.
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Figure 1 shows that 18 out of the 27 images (66.7%) have a 
SNR score above or the same as the lowest acceptable image 
quality level.

Figure 2 shows that 18 out of the 27 images (66.7%) have 
and CNR score above or the same as the lowest acceptable 
image quality level.

Figure 3 shows that 19 out of the 27 images (70.35%) have 
an image quality score above or the same as the lowest accept-
able level, as scored using the visual evaluation. Two images 
have very low image quality, numbers 21 (70 kVp, 5 mAs and 
0.2mm Cu filter) and 22 (70 kVp, 3.6 mAs and no filter).

Dose

Figure 4 shows that 23 out of the 27 images (85.2%) have 
an effective dose below or the same as that of the image 
acquired with the standard parameters.

Using figures 1 to 4, images that were acceptable in 
every category were identified and only these images were 
expressed in figure 5.

Figure 5 shows that when dose increases, the image 
quality also increases, with a correlation coefficient of 
R=0.745. This means that there is a strong relationship 
between the dose and image quality. This is demonstrated 
by the image with the standard parameters, produced 
without any additional filter, having the highest dose 

Figure 2: CNR from each image. The images above the line have acceptable image quality. The green 

(♦) is the standard parameter image and the red (♦) is the lowest acceptable image quality level.

Figure 3: Image quality scores for each image. The green (♦) is the standard parameter 

image and the red (♦) is the lowest acceptable image quality level.

Figure 4: Effective dose (mSy) for each image. The green (♦) is the standard parameter image and 

the red (♦) is the lowest acceptable image quality level.

Figure 5: How the dose in mSv increase, in relation to how the image quality increase 

at the same time.

Figure 1: SNR from each image. The images above the line have acceptable image quality. The green 

(♦) is the standard parameter image and the red (♦) is the lowest acceptable image quality level.
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and image quality level.  The divergence of the line is not 
straight. Figure 5 (60 kVp / 3.6 mAs / 0.1mm Cu) has a 
similar image quality to image 4 (60 kVp / 3.6 mAs / 0mm 
Cu), but with a lower dose. These images were obtained 
with the same parameters, with the addition of a 0.1mm 
filter on figure 5. 

Image 27 (70 kVp / 2.2 mAs / 0.2mm Cu) has a better 
image quality than the lowest acceptable image, image 11 (50 
kVp / 5 mAs / 0.1mm Cu) and only a slight increase in dose.

Finally, it is interesting to see that of all the images in 
figure 5, only 2 of these were produced without additional 
filtration, images 4 (60 kVp / 3.6 mAs / 0mm Cu)  and 13 (50 
kVp / 3.6 mAs / 0mm Cu). However, image 4 represents the 
standard parameters.

D I S C U S S I O N  a n d  C O N C L U S I O N

The aim of this study was to reduce effective dose to a 
paediatric phantom by using different acquisition param-
eters and additional filtration whilst maintaining image 
quality. These results suggest that dose reduction is possible 
by changing kVp, mAs and additional filtration. The final 
graph shows that 85% of the images that were accepted in all 
categories were produced using additional filtration.

This research has shown that in practice the use of 
50 kVp and filtration instead of 60 kVp and no filtration 
allows enough image quality (visualized and measured) and 
decreases the dose.

As expected, the results show that copper filtration is 
helpful in reducing dose without reducing image quality 
to an unacceptable standard8. From the results it is also 
clear that 0.1mm of copper filtration is similarly useful to 
0.2mm. It can be seen that it is possible to obtain an image of 
acceptable image quality (13.55 vs 13.3) with a dramatically 
reduced dose by nearly two (23.05 μSv vs 13.55 μSv), this is 
image 5 (60 kVp / 3.6 mAs / 0.1mm Cu). This has important 
implications for clinical use, as the European Commission 
guidelines10 published in 1996 have the potential to be 
updated to accommodate the possibility of dose reduction 
by routinely using 0.1mm of Cu filtration on patients of this 
size. The parameters used to produce this image were 50 
kVp and 3.6 mAs with 0.1mm of copper filtration. These are 
below the recommended parameters10 in the guidelines with 
the addition of copper filtration, further suggesting the need 
for an update of the guidelines.

Another point on the graph that has been highlighted 
represents an image of higher image quality than the lowest 
acceptable (10.15 vs 8.95), with only a minor increase in dose 
(6.18 μSv vs 5.98 μSv). This is image 27 (70 kVp / 2.2 mAs / 
0.2mm Cu). The clinical implications of this are that, for a 
small increase of 0.2 μSv, there is an increase in image quality 
that is justified. This means that higher quality images can be 
obtained with an acceptably low dose reducing the poten-
tial for repeated examinations due to poor visualisation. In 
children this is especially relevant, due to their higher risk of 
malignancy2,9 and the gonads in the region of the examination6.

Some areas of the study have been identified that could 
be improved upon. These include using a wider range of kVp 

 Figure 6: Image with the standard parameters. Figure 7: Image 5 (60kVp/3.6mAs/0.1mmCu). 
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and mAs to give an exact set of parameters to use, rather 
than a suggestion, which is given here. Another point is 
that the limits of the kVp tested were quite close together, 
only altering by 20 kVp. It is possible that another set of 
parameters outside of these limits produces a diagnostically 
acceptable image, with a dose lower than ICRP guidelines. 
Another area for future work is to have a group of observers 
that includes professionals with higher levels of experience, 
such as radiologists and reporting radiographers. Their expe-
rience may cause them to rate the images differently to the 
group of observers used here. It would be beneficial to know 
whether student radiographers can identify poor and good 
image quality as well as professionals with years of clinical 
experience.

In conclusion, additional copper filtration has been 
identified as a major tool for reducing effective dose whilst 
maintaining an acceptable image quality in a 5 year old 
phantom. It is suggested that the European Commission 
guidelines be updated to recommend lower parameters and 
0.1mm of copper filtration in patients of this size.
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Visual Function1 Standard/Average Participants Results

1. Visual acuity

         Distance 0.0 LogMAR -0.13 ± 0.07 (20/15) LogMAR2

         Near Distance 1 M 0.40 ± 0.00 (20/20) M

3. Contrast Sensitivity

         3 cpd 1.61 ± 0.21 1.84 ± 0.10

         6 cpd 1.66 ± 0.23 2.08 ± 0.20

         12 cpd 1.08 ± 0.32 1.92 ± 0.11

         18 cpd 0.56 ± 0.35 1.45 ± 0.14

2. Stereoacuity 60 40 ± 0.0

1 All subjects who normally wore corrective lenses were asked to wear them during vision testing.

2 All subjects had best visual acuities LogMAR of 0.0 (20/20) or better for distance

Appendix A
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