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Abstract

Aim: A quantative primary study to determine whether increasing source to image distance (SID), with
and without the use of automatic exposure control (AEC) for antero-posterior (AP) pelvis imaging,
reduces dose whilst still producing an image of diagnostic quality.

Methods: Using a computed radiography (CR) system, an anthropomorphic pelvic phantom was
positioned for an AP examination using the table bucky. SID was initially set at 110 cm, with tube
potential set at a constant 75 kVp, with two outer chambers selected and a fine focal spot of 0.6 mm. SID
was then varied from 90 cm to 140 cm with two exposures made at each 5 cm interval, one using the AEC
and another with a constant 16 mAs derived from the initial exposure. Effective dose (E) and entrance
surface dose (ESD) were calculated for each acquisition. Seven experienced observers blindly graded
image quality using a 5-point Likert scale and 2 Alternative Forced Choice software. Signal-to-Noise Ratio
(SNR) was calculated for comparison. For each acquisition, femoral head diameter was also measured for
magnification indication.

Results: Results demonstrated that when increasing SID from 110 cm to 140 cm, both E and ESD reduced
by 3.7% and 17.3% respectively when using AEC and 50.13% and 41.79% respectively, when the constant
mAs was used. No significant statistical (T-test) difference (p = 0.967) between image quality was
detected when increasing SID, with an intra-observer correlation of 0.77 (95% confidence level). SNR
reduced slightly for both AEC (38%) and no AEC (36%) with increasing SID.

Conclusion: For CR, increasing SID significantly reduces both E and ESD for AP pelvis imaging without
adversely affecting image quality.
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Introduction

Optimisation, a strategy of reducing dose to the patient whilst still producing an image of diagnostic
quality, is imperative in radiography and is recommended by both the International Commission on
Radiological Protectionl and the European Medical Exposure Directive.2 This principle is important for
all examinations that involve ionizing radiation, however it is especially important for high dose
examinations. European figures identified pelvic and hip radiography to be third biggest contributor to
dose from medical imaging in the UK, with an annual frequency of 39 per 1000 of population.3 Pelvic
radiography is a high dose examination that irradiates radiosensitive organs such as the gonads;
consequently there have been numerous attempts to reduce the amount of radiation to patients from
this examination.4,5 Increasing the Source to Image Distance (SID) is a simple and economical method
which has been investigated for reducing the dose of an antero-posterior (AP) pelvis. Previous studies
exploring this technique have been primarily focused on film-screen based radiography6,7 with limited
data on computed radiography (CR)8e10 and direct digital radiography4 (DDR). With the advent of
new digital imaging systems in radiography departments and subsequent reports

regarding 'dose creep',11—13 it is important to focus on keeping the

dose as low as reasonably practicable whilst producing an image of diagnostic quality for digital
radiography.

The purpose of this study was to determine whether increasing SID for AP pelvis, with and without the
use of the automatic exposure control (AEC) for a CR system, reduces dose whilst still producing an
image of diagnostic quality.

Methods
Imaging equipment

All exposures were performed using a Wolverson Acroma X-ray unit (high frequency generator with
VARIAN 130HS standard X-ray tube) with a total filtration of 3 mm Al. The unit incorporated a moving
grid (ratio of 12:1, focused at 110 cm + 15 cm) mounted in

the table Bucky. The same image receptor (35 cm x 43 cm Agfa CR imaging plate) was used throughout
the study and processed using

a 35-X reader with a spatial resolution of 10 pixels per mm and grey scale resolution of 12 bits per
pixel.14 Routine quality assurance was performed prior to image acquisition to verify CR reader
performance, tube mA, kV, exposure time and collimation, to ensure reliability and consistency of the
equipment utilised.15

Phantom and imaging technique

All radiographic exposures were undertaken using an anthropomorphic pelvis phantom positioned on
the X-ray table for a standard AP examination.16 The initial acquisition parameters of 110 cm SID using
the outer AEC chambers, 75 kVp, and fine focal spot16e18 were selected to acquire the reference
image for visual grading analysis. A series of images were then produced at increasing SID (90 cm to a
140 cm), with two images acquired at each 5 cm interval, one using the AEC and the other using a
constant mAs of 16 mAs. 16 mAs was derived from the initial standard acquisition parameters utilising
the AEC. Collimation was adjusted to the region of clinical interest (iliac crest, greater trochanters and
proximal third of femurs) for each SID increment, such that the area of phantom irradiated remained
constant.19 To mimic clinical conditions the appropriate look up table (LUT) for pelvis radiography was
used. No alteration of the window width and level was made.



Visual analysis of image quality

Images were analysed visually using two alternative forced choice comparisons (2AFC). 2AFC assesses
the psychophysical responses of the observers who are presented with two separate stimuli displayed
side by side.21 Bespoke software was used to display two images simultaneously on dual monitors and
capture observer comments about quality.20 The software allowed the reference image to be
permanently displayed on one screen with all other images to be scored against the reference image
displayed were displayed in random order on the other screen.

Using a 5-point Likert scale, seven radiographers with a mini- mum of five years clinical practice
experience assessed and scored images. The image quality criteria (Fig. 1) was adapted from Euro-
pean Guidelines on Quality Criteria for Diagnostic Radiographic Images22 in conjunction with scales
used in other literature4,23 and an unpublished psychometric image quality scale (Chronback's Alpha
>0.8). Images were displayed on two 24.1 inch NEC (EA243WM) monitors with a resolution of 2.3
megapixels. Moni- tors were calibrated for Digital Imaging and Communications in Medicine (DICOM)
grayscale standard display function and to the recommended specification of the Royal College of
Radiologists.24 To determine that display quality consistency of the dual screen monitors was
maintained a visual pattern check was undertaken prior to every radiographer doing the visual
analysis. Lighting conditions were maintained at a dimmed and consistent ambient level throughout
the visual image quality experiment. The radiographers were blinded to the acquisition parameters of
the images they were provided with a set of instructions on what to do in the experiment and they
were prohibited from manipulating the images.

Signal to noise ratio (SNR)

SNR, the mean and standard deviation pixel value for all ac- quired images, was calculated for each
image with Image J software (National Institutes of Health, Bethesda, MD) http://rsb.info.nih.
gov/ij/using a constant region of interest.25

Radiation dose calculations

Dose Area Product (DAP) readings were recorded. An average of three readings was taken for each
image acquisition. Entrance surface dose (ESD), including backscatter, was measured at the surface of
the phantom using an Unfors Calibration device (Unfors Equipments, SE) and averaged in the same
manner.

Effective dose (E), organ doses and effective risk were calculated from the DAP using Monte Carlo
simulation software (PCXMC).26 The reliability of this software is supported by literature
demonstrating results in close agreement with dose measurements and calculations of other phantom
models.27e29 Effective risk was estimated for the ages of 15 and 60 to compare the lifetime cancer
risks.

Magnification

Magnification was assessed at each 5 cm SID increment. For this, a senior radiographer with
experience in pre-operative hip arthroplasty templating measured the femoral head diameter twice
and calculated the average.

Statistical analysis

For visual image quality data, intraobserver variability was evaluated by Intraclass Correlation



Coefficient (ICC) using a 2-way random effect model for absolute agreement.30 Image quality data was
assessed using t-tests with a probability level of p < 0.05 (95%) regarded as significant.

Results
Radiation dose

The results show that with increased SID, both ESD and E reduce in all situations. When utilising the
AEC, the ESD and E were 0.902 mGy and 0.073 mSv respectively at 110 cm SID. The ESD was reduced
by 17.3%, to 0.746 mGy when SID was increased to 140 cm. However only a 3.7% reduction to 0.071
mSv was found when considering E. Without AEC, further reduction was present at 140 cm SID, with
ESD and E reduced by 50.13%, to 0.457 mGy and the E reduced by 41.79% to 0.044 mSv. Dose
increased (with and without AEC) when SID was decreased from 110 cm (see Figs. 2a and 2b).

Effective risk

The risk of exposure-induced death from cancer for a 15 and 60 year old when utilising the AEC at both
110 cm and 140 cm is five per million and three per million, respectively. The risk reduces when the
AEC is not used, at 140 cm SID, to three per million and two per million respectively.

Image quality

For the 2AFC visual grading data, all fourteen items were included within the image quality criteria,
with a score of 42 equal to the reference image, a score of >42 is considered an improve- ment in
image quality and <42 considered a decrease in image quality. The 2AFC results demonstrate that
when SID was increased (with and without AEC), there was no reduction in image quality (p = 0.967).
The SNR results did however reveal a slight decrease in

image quality at increased SID for both AEC and no AEC of 38% and

36% respectively (see Figs. 3a and 3b). The ICC value for the seven observers was 0.77 (95% confidence
interval) proposing a high level of agreement between the observers.

Magnification

When SID was increased from 110 cm to 140 cm, femoral head diameter reduced by 5.4 mm with a 2
mm average reduction in magnification for every 10 cm SID increment (see Table 1).

Discussion

The results suggest that increasing SID from 110 cm to 140 cm reduces ESD and E by 17.3% and 3.7%
respectively when utilising the AEC. Further reduction of ESD (50.13%) and E (41.79%) was identified
when the AEC was not utilised. Data from our study is similar to Heath et al.,4 who found a dose
reduction of 7.9% when SID was increased from 110 cm to 140 cm using the AEC. Woods and
Messer10 found a larger reduction in dose when they utilised the AEC (33.7%), but smaller reduction
when a constant baseline mAs was used for each increment (45.2%). Other studies6e9 also identified
dose reduction when increasing SID.

Our data demonstrates that dose reduction can be identified with as little as 5 cm SID increments,
which is of interest because earlier studies suggest that increments of 10 cm are needed to see a dose
reduction effect. In addition, the majority of previous studies4,7,8 either utilised the AEC or increased
mAs when increasing SID to compensate for dose reduction with regard to the Effective dose inverse



square law, therefore maintaining a constant dose at the receptor. Brennan et al.6 found an increase
of 60% in mAs at increased SID when utilising the AEC. This study used constant mAs (derived from the
standard acquisition parameters used for the reference image). Brennan found that image quality
could still be maintained without the need for a consequent increase in dose (mAs value) at increased
SID increments.6 The use of AEC is not always an option in cases such as trauma, paediatric
radiography or for patient with metallic implants, so it is imperative that we understand the
consequences of increasing SID for these types of imaging if this dose reducing technique is to be
implemented into clinical practice.

Even though our study demonstrated increasing SID, with and without AEC, to be a successful dose
reducing technique without a significant detrimental impact on image quality, radiographers should be
cautious when implementing the technique in clinical practice. For instance, our data demonstrates
that femoral head diameter reduces as SID is increased; this may lead to issues with revealing a
consistent decrease in image quality when SID was increased. A reasonable explanation for this would
be that objective physical measures of image quality are more sensitive to changes in pixel values with
regards to noise and signal. The human eye may not be able to distinguish between this amount of
change in an image.31

Further work

This study was performed using a single CR system and there- fore the outcomes would need to be
confirmed on different digital systems. Furthermore, the images were acquired using an
anthropomorphic pelvis phantom, this decreases the clinical relevance of the study as there is no
disease present when comparing image quality; the results need to be confirmed using patients of
various body habitus in practice. interpretation if images are acquired at different SID for the same
patient.4 Radiographers could annotate and document the SID utilised for the images for reference of
the reporting clinician raising awareness of the potential magnification differences from previous
images. Our study did not explore the potential image quality benefits of increasing SID on geometric
unsharpness. Further work needs to be done on the significance of magnification reduction in clinical
practice and the impact it may have on calculations for pre-operative measurements and whether
there are geometric unsharpness implications. There were minor differences between image quality
using Image J and the 2AFC software in our study with the SNR results.

Conclusion

Within the parameters of this study it was demonstrated that increasing SID for AP pelvis imaging
using CR reduces both ESD and E with no significant impact on image quality. The reduction in
radiation dose at incrementing SID is greater when exposures are manually set. Increasing SID is a
simple and cost-effective means of reducing dose to patients and should be considered and explored
further in clinical practice.
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Table 1 - Demonstrating femoral head diameter difference at varying SID

SID Mean diameter Variance from Variance from
of head of femur(mm) ref image(mm) ref image(%)
90 67.2 —4.9 —7.87%
95 65.1 —2.8 —4.49%
100 64.5 —2.2 —3.53%
105 638 —15 —2.41%
110 623 0 0.00%
115 61.6 0.7 1.12%
120 60.6 1.7 2.73%
125 589 3.4 5.46%
130 58.1 4.2 6.74%
135 57.6 4.7 7.54%

140 569 5.4 8.67%
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Figure 1. Image quality criteria items and the 5-point Likert scale for the observer's response.



Figure 2. a) Comparison of effective dose (mSv) with and without AEC, when the SID is increased. b)
Comparison of entrance surface dose (mGy) with and without AEC, when the SID is increased.
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Figure 3. a) Relation between subjective (1Q) and objective (SNR) measurement of image quality, whilst increasing
the SID (cm), considering the use of AEC. b) Relation between subjective (1Q) and objective (SNR) measurement of
image quality, whilst increasing the SID, when not considering the use of AEC.
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