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Introduction

Abstract

Introduction: A core element of a radiographer’s role is the decision on
whether a radiograph is sufficient for diagnosis, or a repeat examination is
needed. Studies illustrate the disagreement on the diagnostic value of
radiographs between radiographers and radiologists, which may influence
repeat examinations. This study investigates if parameters contributing to image
quality are possible determinants to explain the difference between professions.
Methods: A total of 74 radiographers and radiologists from three different
countries assessed three data sets (chest PA, hip HBL, c-spine lateral), each
containing 25 radiographs. All observers scored image quality in terms of
anatomical visualisation, positioning, collimation, detector exposure and judged
the diagnostic value using the ACR RadLex classification. All assessments were
performed on a clinically relevant display. Visual grading characteristics were
used to compare image quality evaluations between groups. Results:
Radiographers scored the visualisation of anatomical structures lower than
radiologists though the difference was not statistically significant. A difference
in classification using the RadLex categories — with radiographers rejecting
more radiographs — was demonstrated. Only the subjective evaluation of the
detector exposure correlated statistically with RadLex ratings. There was no
difference between radiographers and radiologists when reviewing patient
positioning and collimation. Conclusion: Radiographers and radiologists agree
on the visualisation of anatomical structures, but radiographers are more
critical towards the diagnostic value. Within the criteria studied, the evaluation
of anatomical structures does not explain the difference. Radiographs have a
higher change of being rejected if the observer (subjectively) assessed the
detector exposure as inappropriate. This correlation is stronger for
radiographers.

balancing patient radiation dose and image quality is a
fundamental aspect of good practice in radiography.*’

The production of a radiograph of sufficient quality to
enable accurate diagnosis is of common interest to
radiologists and radiographers. The radiographer visually
and subjectively estimates whether the acquired image
quality matches the quality required to answer the clinical
question.” In this assessment, the radiographer should
consider that the benefit of a retake must surpass the
negative effect of the additional radiation dose,"? as

Radiographers, when satisfied with the quality of a
radiographic image, end the examination and make the
radiographs available for reporting by the radiologist."®
The image quality requirements of a radiograph may
vary depending on factors such as the clinical question to
be answered. Therefore, Uffmann et al” presented
categories of image quality which might be required in
different cases. For example, a high image quality was
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Image rejection by radiologists and radiographers

expected for primary bone tumours and non-displaced
fractures. In contrast, follow-up examinations for
pneumonia or scoliosis only needed a low image quality.”
If radiographers reject and retake radiographs that would
have been sufficient to answer the clinical question, this
results in a needless radiation exposure. It is difficult, as
described by Hofmann,® Waaler and Hofmann,” to
determine the rate at which radiographers reject images
which would be considered sufficient for diagnosis. In
many cases, radiographs are deleted even before they
reach the radiologist.>>®

Mount' investigated the rejection rate of lateral knee
radiographs in a monocentric study. In conclusion,
Mount' hypothesised a different approach to image
quality assessment by different professions may be the
primary cause for the different acceptance rate.
Radiographers were found ‘to consistently rate image
quality more harshly than radiologists’.! Their research
indicated a more technical evaluation (defined as
exposure, visualisation of certain structures, collimation
and positioning) by radiographers, compared to a more
clinical assessment (diagnostic value) by radiologists." The
discrepancy between both professions is in line with the
review by Waaler and Hofmann® who explain the
difference based on the absence of the image quality
discussion between radiologist and radiographers.

However, Mount’s' methodology focused on the initial
perception of a lateral knee radiograph and did not
request individual scores for the different factors, such as
anatomical criteria, noise and so on, allowing only a
radiographers  and
radiologists on the general assessment of the radiograph.
Therefore, the explanation for this difference, and how
radiographers’ overall judgements of image quality relate
to their perception of the visibility of anatomical
structures, remains unclear.

Other researchers have also investigated how

statistical ~ difference  between

radiographers judge image quality and whether it is a
structure-based or more global evaluation. Work by
Larsson et al’ and Lundvall et al.'’ found that
radiographers judge the quality of the radiograph based
on patient conditions during the examination and the
visibility of the pathology. Their findings are supported
by the findings of Prime and Le Masurier,'' who point
out that radiographers use ‘illness scripts’ or a mental
models combining information collected by the different
sources (observation, request card) and knowledge
(anatomy, pathology, radiographic technique). These
models are used to predict and assess the overall
examination in an overall judgement by comparing the
current patient with the mental model.” "

Regardless of the reasoning by which radiographers
accept or reject a radiograph, the fact remains that

R. Decoster et al.

experiments by Mount,' Kjelle et al.'® and Dunn et al."”
demonstrated a difference between radiographers and
radiologists in terms of what was considered acceptable
image quality, with radiographers demonstrating higher
reject rates. The current study set out to investigate the
(quantitative)  difference between radiologists and
radiographers based on an overall judgement (‘technical’
factors and general assessment of clinical usability) in
comparison to the scrutiny of anatomical structures.
Additionally, this study aimed to assess if the technical
(such as positioning and noise) or anatomical factors can
explain the possible differences.

Methods

To investigate the factors influencing overall image
quality judgements by radiographers and radiologists,
three sets of radiographs (DICOM format) with
different characteristics were assembled and presented to
members of each profession (radiographers and
radiologists). These participants were then asked to rate
various image criteria, but also to rate the overall
holistic image quality using the RadLex scale.'® This
allowed the authors to determine which factors best
correlated with overall quality judgements in each
profession.

Images

The images used in the study were selected out of a larger
data set (sequence of 100 consecutive clinically accepted
examinations with random start date) from three clinical
PACSs (Picture Archiving and Communication System).
While it is not possible to establish an absolute ‘truth’ for
ratings of image quality, the selected images were
considered by three radiographers to represent a range of
image qualities. The first set contained 23 PA (posterior—
anterior) chest radiographs to investigate the relationship
in a typically low-contrast radiograph. The second set
contained 23 lateral cervical spine radiographs with
higher contrast in the bony structures but still with an
important soft tissue component in the pre-vertebral
region. The third set contained 23 lateral hip radiographs
(horizontal beam) where bony structures are the primary
concern, but the projection is generally considered by
radiographers to be harder to position. To assess inter-
observer variability, one radiograph from each set was
presented two additional times at random points;
therefore, each observer viewed a total of 25 images per
data set. The repeated radiographs were only used for
inter-observer variability and discarded for other
statistics. In the hip data set, no results were summarised
for the United States of America, as the observers did not
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Table 1. Overview of the anatomical criteria to be evaluated, based on Carmichael et a

Image rejection by radiologists and radiographers
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Cervical spine lateral Chest PA

Hip Horizontal Beam Lateral (HBL)

Q1 The tubercle posterior of C1 is easily
identified

Q2 C7-T1 intervertebral joint space is clearly seen Reproduction of the trachea

Q3 The visually sharp reproduction of the facet
joint

Q4  The visually sharp reproduction of spinous
processes mediastinum

Q5 Sufficient contrast between bone, air
(trachea) and tissue

Visually sharp reproduction of the diaphragm

Reproduction of the costophrenic angles

Visually sharp reproduction of thoracic spine

Visually sharp reproduction of the
acetabulum

Visually sharp reproduction of the
femoral head

Visually sharp reproduction of the
femoral neck

Visually sharp reproduction of the heart, aorta and  Clear visualisation of the trochanters

Sufficient contrast between bone and
tissue

volunteer for this data set as they declared to be
unfamiliarity with the positioning technique.

To correlate the diagnostic quality to the assessment of
anatomical structures, observers rated the representation
of five relevant anatomical criteria (Table 1) selected from
European guidelines'® for each data set on a Likert scale
ranging from ‘not fulfilled’ to ‘fulfilled’. To the best of
the authors’ knowledge, there are no alternative
guidelines on image quality for radiographs. The
guidelines merely describe general accepted criteria such
as the sharp reproduction of the diaphragm. To minimise
the risk of a bias due to the unfamiliarity of the
American observers, the guidelines were approved by a
US radiologist as a part of the ethical review.

To assess the influence of non-anatomical factors, the
observers also rated the collimation, radiographic
positioning and the detector dose (i.e. detector exposure,
appearance of noise) on a Likert scale ranging from
‘unacceptable’  to ‘excellent’.’ To determine the
diagnostic quality, the observers categorised each
radiograph using the RadLex categories (Radiological
Lexicon, Radiological Society of North America). The
description for each of the four categories (Table 2) was
provided for their reference. Observers also rated their

confidence in their RadLex ratings on a Likert scale,
ranging from ‘guess’ to ‘very confident’.”

In a pilot study, three observers assessed the data sets
to evaluate the data collection tool. Based on the findings,
the logic of the data collection tool was improved.
Additionally, the observers used all categories of image
quality, indicating that the data set contained the full
spectrum of image quality.

Observers

The grading of the radiographs for the different
anatomical criteria, positioning, noise and so on is a
time-intensive ~ and  focussed task. Therefore, a
convenience sample of observers were recruited through
volunteering in Ireland, Belgium and the United States of
America. The countries were selected based on access to
the radiographer and radiologist workforce by the
researchers following previous collaborations, and to
include countries which had differences in educational
programmes of radiographers.’***> In Ireland and
Belgium, the study was advertised through the
professional bodies and through academic or teaching
hospitals. In the United States of America, the study was

Table 2. The definition of the RadLex categories as presented in the RadLex online lexicon.'®

Category Description

Non-diagnostic

Little or no clinically usable diagnostic information (e.g. system failure or extensive motion artefact). Insufficient

information to answer the primary clinical question (e.g. area of interest does not project, superposition of
structures or artefacts limits visibility in area of interest).

Limited Not as much diagnostic information as is typical for an examination of this type but likely sufficient to answer the
primary clinical question. For example, motion artefact, body habitus or patient positioning might limit visualisation
of some body regions, but the area of interest is sufficiently visualised. Such imaging might need to be repeated,

depending on the clinical circumstances.

Diagnostic Image quality that would be expected routinely when imaging cooperative patients.
Exemplary Image quality that can serve as an example that should be emulated.
© 2022 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of 3

Australian Society of Medical Imaging and Radiation Therapy and New Zealand Institute of Medical Radiation Technology.

95UB017 SUOWWIOD aAIEa1D) a|qeal|dde ay) Aq pauseAch afe sopiLe YO ‘8sn Jo Se|n. Joj Aeiq1T auluo A8]i/W UO (SUONIPUD-pUe-SWLB)/W0D A8 | 1M Alelq 1 BU1|UO//SANY) SUONIPUOD pue SWe | 841 89S *[£Z02/T0/TE] Uo Akiqiauliuo A1 ‘UsAne Ny Ad T#9'SIWZ00T 0T/10p/wod Ao |1 Arelgpuljuoc//sdny wou) pepeojumod ‘0 ‘606€TS0Z



Image rejection by radiologists and radiographers

conducted in close collaboration with a teaching hospital
where one author is based, and at an event hosted by the
American Board of Radiology national representative
bodies (e.g. radiologists presenting for 10-year
recertification examinations with the American Board of
Radiology volunteering in their free time). In total, 74
radiologists and radiographers participated in the study.
A strength of this recruitment is the independence from
one centre or clinical routine. At the same time, the fact
that the radiographers and radiologists were recruited
separately and do not work together on a daily basis
might be considered a limitation of the study, because it
might result in the absence of mutual criteria for
acceptance of a radiograph that would exist within a
given institution and bias the data collection. As
presented in the paper of Waaler and Hofmann,” routine
discussions on image quality might align the two
professions in the definition of acceptable and minimum
necessary image quality; this could not be investigated in
this case.

Power calculations were performed prior to participant
recruitment to determine the minimum numbers of
participants required in each country and profession.
With a power set at 0.80 (two-tailed), the sample size
needed to be at least seven observers in each group to
detect a significant difference of 0.25 at the 0.05 level. To
exclude a lack of statistical power, post hoc power
calculations were also conducted. The required numbers
were achieved or exceeded in all cases. Demographic
information (e.g. years of experience) of the observers
was collected at the start of the study. The research was
submitted to the home institution’s Human Research
Ethics Committee (University College Dublin) and
declared exempt from full ethical review. One study site
further requested a full ethical review, which was
approved by that institution’s ethics committee (The
University of Texas MD Anderson Cancer Center). The
data were collected between 2014 and 2017. During this
time, the protocol was not amended.

Image presentation

All observers used ViewDex to review the images and
record their responses, allowing them to use clinically
applicable  tools, such as window  width/level

R. Decoster et al.

informed that the «clinical indication was ‘trauma
evaluation’.

Statistical analysis

To explore differences in the rating of the anatomical
structures, a Visual Grading Characteristics curve
(AUCygc) was calculated for each structure.”!''%24303!
The differences in the categorisation by diagnostic value
(RadLex) between radiologists and radiographers were
tested with a Mann—Whitney U test. Spearman
correlations were used to explore correlations between
RadLex categories, the rating of anatomical structures,
collimation, positioning and delivered dose. Significant
correlations were further investigated with a multinomial
logistic model to determine which factors increased the
chance of a radiograph being non-diagnostic. For
example, this model calculates the chance of a radiograph
being classified in a lower category in relation to its score
for positioning. Inter-observer and intra-observer
variability were evaluated using an interclass correlation
coefficient or ICC.>>* All statistical calculations were
performed using SPSS (Statistical Package for the Social
Sciences. version 23).

Results

Reliability of observers

In total, 74 radiologists and radiographers volunteered
and participated in the study (Table 3). The reliability of
observers was analysed by comparing their RadLex scores
for the radiographs repeated in each image set, with every
observer in the study demonstrating good intra-observer
consistency (ICC > 0.8).

Variations in mean years of experience were noted
between radiographers and radiologists in all countries.
The radiologists were all above 5 years of experience. To
check if a difference in radiographers’ experience
significantly influenced RadLex ratings, a Mann—Whitney

Table 3. Overview of the number (N) of participants and their
experience (years) in the field of radiology.

Experience (years
Number of P (years)

adjustments.”” > A DICOM calibrated primary display County Observer Participants Mean Std. Dev.
(6MP; L. 1050 cd/m% Ly, 0.7 cd/m?) was used for : -
radiologists and a secondary display (2MP; L, 400 cd/ Belgium Rad!ographer 13 567 6.04

5 5 . 2829 . 1. . Radiologist 9 10.33 3.81
m Ly 0.47 cd/m”) for radiographers™=" in line with reland Radiographer 17 521 429
the display types typically used by each profession in Radiologist 3 1569 14.92
clinical practice. Average lighting conditions of USA Radiographer 10 96 55
28.29 £ 7.99 Ix were recorded across all sites. To give a Radiologist 17 24.29 11
common clinical context to the observers, they were
4 © 2022 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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U test was applied to compare the RadLex classification
groups of greater than or less than 5 years of experience
for each country. This showed that the more experienced
radiographers’ ratings were not significantly different in
some cases but were lower for several image types (USA
radiographers in both c-spine and chest, (P < 0.01);
Belgian radiographers for hip (P <0.05) and chest
(P <0.05) and Irish radiographers (P < 0.01) for the
hip). The impact of any experience-related effects is
discussed later in this section.

Assessment of anatomical structures

Visual grading characteristics (VGC) were used to
investigate a difference between the two professions in the
assessment of anatomical structures. As summarised in
Table 4, only a few significant (*) differences were found
for certain structures.

As presented in Table 4, differences between
radiographers and radiologists mostly concerned one or
two structures from the list of criteria. For instance, the
USA radiographers graded significantly lower compared
with the USA radiologists the visualisation of diaphragm
(QL, P = 0.03), or the Belgium radiographers graded the
contrast between bone and soft tissue (Q5) in the hip
images significantly (P < 0.05) lower in comparison with
the Belgian radiologists. In contrast, the c-spine is notable
as the only examination where multiple anatomical
criteria were assessed differently by radiographers and
radiologists for any examination or in any country. This
is explored further in the discussion.

Image rejection by radiologists and radiographers

Factors influencing RadLex rating

The purpose of the RadLex categories was to compare the
opinions of observers on the overall diagnostic value of
the radiographs, rather than the quality of individual
features. The Mann—Whitney U test demonstrated a
significant difference (P < 0.01) in ranking between the
radiographers and the radiologists for every country and
radiograph type.

Table 5 shows the frequency of each overall rating
given by each profession in each country for all
examinations. It also shows the total percentage of
radiographs achieving a rating at a certain level or lower
(cumulative percent), which allows the reader to compare
the total percentage of cases at or below a given quality
rating more easily — for example, allowing easy
comparison of how many images were rated ‘limited” or
below.

Based on the cumulative percent (Table 5), it might be
observed that radiographers tend to classify radiographs
into lower categories than radiologists, especially for
images of lower quality; for example, the percentage of
images rated ether ‘non-diagnostic’ or ‘limited’ is
consistently higher for radiographers than radiologists
(Belgium: 49.2% vs. 32.6%; Ireland 49.8% vs. 30.1%; US
32.6% vs. 15.9%), while the percentage categorised as
‘exemplary’ is more similar. Although radiographers were
stricter in their overall RadLex classifications, they
reported less confidence (P < 0.05) than radiologists.

It was noted above that the radiographer groups in
each country had lower mean years of experience than

Table 4. Overview of the VGC analyser results; AUCygc = 0.5 signifies equal ratings by radiographers and radiologists; > 0.5 indicates a lower

rating by radiographers; <0.5 a lower rating by radiologists.

Belgium Ireland USA

AUCygc P-Value AUCygc P-Value AUCygc P-Value

Chest Q1 Visually sharp reproduction of the diaphragm
Q2 Reproduction of the trachea
Q3 Reproduction of the costophrenic angles

0.52 0.703 0.58 0.291 0.668 0.031*
0.584 0.17 0.481 0.804 0.663 0.057
0.529 0.477 0.552 0.486 0.652 0.057

Q4 Visually sharp reproduction of the heart, aorta and mediastinum  0.599 0.915 0.592 0.238 0.692 0.02*

Q5 Visually sharp reproduction of thoracic spine
C-Spine Q1  The tubercle posterior of C1 is easily identified

0.429 0.334 0.557 0.421 0.615 0.21
0.696 0.03* 0.624 0.114 0.761 0.002*

Q2  C7-T1 intervertebral joint space is clearly seen 0.57 0.29 0.512 0.798 0.578 0.245
Q3 The visually sharp reproduction of the facet joint 0.55 0.37 0.567 0.411 0.718 0.012*
Q4 The visually sharp reproduction of spinous processes 0.56 0.2 0.587 0.279 0.748 0.005*
Q5 Sufficient contrast between bone, air (trachea) and tissue 0.64 0.06 0.6 0.213 0.745 0.006*
Hip Q1 Visually sharp reproduction of the acetabulum 0.59 0.15 0.576 0.247
Q2 Visually sharp reproduction of the femoral head 0.55 0.37 0.575 0.329
Q3 Visually sharp reproduction of the femoral neck 0.58 0.19 0.61 0.1
Q4  Clear visualisation of the trochanters 0.51 0.84 0.612 0.134
Q5 Sufficient contrast between bone and tissue 0.65 0.02* 0.616 0.14
© 2022 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of 5
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Table 5. Frequencies for the classification of the radiographs in RadlLex categories, sorted for the countries and types of observers.

Country Observer Type Frequency Percent (%) Cumulative Percent (%)
Belgium Radiographer Non-diagnostic 108 1.1 1.1
Limited 372 38.2 49.2
Diagnostic 435 44.6 93.8
Exemplary 60 6.2 100
Total 975 100
Radiologist Non-diagnostic 49 7.5 7.5
Limited 163 251 32.6
Diagnostic 393 60.5 93.1
Exemplary 45 6.9 100
Total 650 100
Ireland Radiographer Non-diagnostic 158 124 12.4
Limited 477 37.4 49.8
Diagnostic 560 43.9 93.7
Exemplary 80 6.3 100
Total 1275 100
Radiologist Non-diagnostic 40 7 7
Limited 133 23.1 30.1
Diagnostic 349 60.7 90.8
Exemplary 53 9.2 100
Total 575 100
USA Radiographer Non-diagnostic 40 8.0 8.0
Limited 123 24.6 32.6
Diagnostic 244 48.8 81.4
Exemplary 93 18.6 100
Total 500 100
Radiologist Non-diagnostic 23 3.3 3.3
Limited 88 12.6 15.9
Diagnostic 438 62.6 78.4
Exemplary 151 21.6 100
Total 700 100

their radiologist counterparts and categorised radiographs
in a lower category. In addition, less experienced
radiographers tended to rate some image types (e.g. Chest
PA) less harshly than those who were more experienced.
While the difference in experience between radiologist
and radiographer groups in this study is acknowledged, it
is thought based on the above that experience-matched
groups would yield similar results or even greater
differences between radiologist and radiographer RadLex
ratings.

Correlation between overall RadLex ratings
and individual image features

No significant correlation between the RadLex scores and
the collimation, the positioning or anatomical criteria was
found. However, across all radiograph types, a strong
overall correlation (Table 6) was found between the
RadLex classification and the evaluation of the delivered
dose for the radiographers. In comparison, a similar but
weaker correlation is present within the group of the
radiologists. Therefore, it appears that the judgement of

the ‘delivered dose’ has a correlation with the overall
judgement of clinical usability.

Factors leading to increased likelihood of
image rejection

To further investigate the correlation between the RadLex
ratings and evaluation of the delivered dose, an ordinal
regression model (pooled across countries) was used. In
contrast to the Spearman correlations, which allows
identification of overall correlations, an ordinal regression
estimates the chance of a radiograph being classified in a
lower Radlex category based on the evaluation of the
delivered dose (e.g. whether perception of delivered dose
makes a radiograph more likely to be considered ‘limited’
than ‘diagnostic’, or ‘diagnostic’ than ‘exemplary’).

For both the radiographers and the radiologists
(Table 7), a lower rating of the delivered dose increased
the chance of a radiograph being assigned a lower RadLex
category, implying that observer’s impressions of
delivered dose influence the overall judgement of
acceptability of a radiograph. This effect was greater for

6 © 2022 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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Table 6. Correlations between RadLex and the visual judgement of the detector dose with the confidence interval based on a bootstrap (1000
samples, 95% confidence). All correlations are significant at the 0.01 level (two-tailed).

Country Observer Overall Chest C-Spine Hip
Belgium Radiographer 0.648 [0.605-0.688] 0.606 [0.531-0.674] 0.53[0.349-0.611] 0.808 [0.762-0.845]
Radiologist 0.505 [0.441-0.571] 0.375[0.231-0.506] 0.503 [0.384-0.61] 0.646 [0.599-0.724]
Ireland Radiographer 0.587 [0.548-0.625] 0.427 [0.335-0.513] 0.608 [0.537-0.675] 0.649 [0.581-0.706]
Radiologist 0.55 [0.48-0.609] 0.441 [0.318-0.549] 0.624 [0.514-0.719] 0.584 [0.475-0.669]
USA Radiographer 0.757 [0.717 - 0.79] 0.707 [0.631 -0.768] 0.761 [0.695 - 0.816]
Radiologist 0.53 [0.469 - 0.587] 0.559 [0.49 -0.621] 0.519[0.41 - 0.61]

Table 7. Output of the ordinal logistic model for the visual dose estimation (QC3). The model calculates the chance (estimate) of a radiograph
being classified in a lower (negative estimate) or higher (positive estimate) RadLex category. For example, a radiograph with a satisfactory dose for
a radiographer has a higher change of being classified in a lower category (estimate —0.335) in comparison to the classification by a radiologist

(estimate —0.286).

Radiographer Radiologist

Estimate Std. Error Sig. Estimate Std. Error Sig.
Delivered dose — Unacceptable -0.139 0.135 0.303 0.031 0.211 0.881
Delivered dose — Very poor —0.421 0.085 0.000 —0.183 0.109 0.093
Delivered dose — Satisfactory —0.335 0.077 0.000 —0.286 0.085 0.001
Delivered dose — Very good —0.137 0.073 0.060 —0.311 0.072 0.000
Delivered dose — Excellent 0.117 0.096 0.223 Oa

radiographers than radiologists, with a higher change for
a radiograph to be classified in a lower category when a
radiographer estimates a similar delivered dose compared
to a radiologist.

Discussion

Previous studies have considered various potential
influences on the decision-making process by
radiographers when assessing image quality. Some outline
the importance of a global assessment of the radiograph
(incl. patient), such as Prime and Le Masurier,"" Lundvall
et al'” and Larsson et al.>” were others focus on the use
of technical elements." The aim of this study was to
compare, between radiographers and radiologists, the use
of a general image quality assessment in comparison to
the approach with anatomical structures. Although data
were collected in different countries, this paper will focus
on the difference between professions and not between
countries. Nevertheless, the similar findings in each
country make the findings generalisable and the cultural
difference an interesting area for further research.

Differences in RadLex rating

The RadLex categories allowed the observers to classify
each radiograph into a certain category of clinical

acceptability. This study demonstrated a significant
difference between radiologists and radiographers when
allocating a radiograph to a certain category. The Mann—
Whitney U test indicated the significant differences
(P <0.01) in ranking for all three image types. Even
more important, the radiographers were stricter in their
assessment of radiographs compared to radiologists,
which echoes the findings of multiple previous
studies."”™*  This entails radiographers potentially
discarding radiographs with sufficient diagnostic value for
a radiologist and performing an unnecessary repeat of the
examination.

Anatomical structures

The difference in assessment based on the ratings of
overall clinical acceptability, as measured by the RadLex
categories, was more pronounced than the differentiation
based on the visual grading analyses (VGA) of the
visibility of individual anatomical structures, which only
demonstrated significant differences for certain very
specific structures. In contrast to the RadLex categories,
no overall difference was found between radiologists and
radiographers for all structures of a radiograph. The
visual grading did not reflect the difference in the
assessment of clinical usability between radiographers and
radiologists. These findings imply that the decision to
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Image rejection by radiologists and radiographers

clinical accept a radiograph for diagnosis is not entirely
or even primarily judged based on anatomical structures.

This might be problematic with, firstly, anatomical
structures often being used in parameter optimisation
research studies to assess the image quality. The main
argument for this approach or visual grading is the
simplification of the problem based on the ability of a
radiologist to assess the reproduction of the anatomy
required for making a diagnosis.”** Secondly, the
findings have implications on the approaches for auditing
a radiographer’s work. Approaches, as presented by
Tesselaar,’® recommend the use of visual grading. Based
on the results of the current study, it might be
questioned if the use of anatomical criteria sufficiently
reflects the clinical usability of a radiograph. Thirdly,
frameworks, such as the EU criteria that describe image
quality based on structures,’” may be questionable as
basis for the assessment of clinical acceptability.””

Non-anatomical or technical factors

The judgement of the detector dose (i.e. detector
exposure, appearance of noise) has the strongest
Spearman correlation with the RadLex classification for
both professions. The ordinal regression demonstrated
that the estimation of the detector exposure predicts the
classification into the RadLex categories. Meaning that,
compared to factors such as positioning, a radiograph has
a higher change of being classified as limited or non-
diagnostic if the observer finds the detector exposure
inappropriate. Additionally, the effect is greater for
radiographers than radiologists. These findings entail that,
based on the general assessment of the detector exposure,
a radiograph will be discarded sooner by a radiographer
than a radiologist. The effect of the detector dose, or the
quantum noise, is in strong contrast with the review of
Waaler and Hofmann.” Waaler and Hofmann conclude
that the rejects in digital systems are mainly related to the
radiographers’ skills (positioning) and not exposure
related (while they noted that, in the past with film
screen systems, exposure-related rejects were the primary
cause for a reject). The difference between radiographers
and radiologists raises questions around radiographers
unnecessarily discarding images, challenges to align both
professions in their assessment and the emphasis on the
evaluation of the detector exposure in training.

One might question the low impact of positioning due
to the data set containing an insufficient amount of
positioning errors. On the one hand, and despite being
collected from clinical PACS systems, the data
demonstrated classification by participants into all
categories (exemplary — non-diagnostic), illustrating the
use of the full scale. On the other hand, the data set is

R. Decoster et al.

rather small; hence, there is a possible variance for a
certain criterion, which may be considered a limitation of
the study.

The decision on the clinical usability was made in the
context of a single clinical question for consistency, and it
could be argued that the decision on the clinical usability
of the radiograph was influenced by the question. The
chosen clinical question (trauma) was however very
broad, such that images might include subtle (i.e.
degeneration, pneumothorax) and massive pathologies
(i.e. collapse, fractures, dislocations). The difference
between radiographers and radiologist might be caused by
how confident they are in answering the clinical question
based on the information in the radiograph. In line with
the review by Waaler and Hofmann,” the radiographer
might be doubtful if the radiograph is sufficiently
answering the clinical question for the radiologist due to
the lack of discussion between them. Therefore, an
interesting approach would be to evaluate the decision-
making of reporting radiographers while they progress in
their training. The effect of reporting findings in addition
to judging the clinical usability might enlighten the gap
between both professions in the judgement of clinical
acceptability.

The selection of display technologies can be perceived
as both a strength and limitation of this research. The use
of different displays adds a factor which, on the one
hand, might complicate the comparison of the two
professions by providing radiologists with higher
specification displays and therefore potentially altering the
presentation of pertinent image features. On the other
hand, the same bias is present in the daily clinical
practice, where radiographers usually do work with a
lower class of display than radiologists. The replication of
clinical practice strengthens the clinical relevance of the
study. A further potential limitation is the absence of
varied clinical indications, which might have allowed
more realism in the scenario.

Conclusion

The study demonstrates differences between radiologists
and radiographers in the judgement of diagnostic usability,
indicating that radiographers are more critical and classify
more radiographs as non-diagnostic or limited for a
specific question. Radiographers and radiologists both
demonstrated consistency and agreement with their
professions. In contrast to prevailing views, the evaluation
to anatomical structures does not explain the difference
between both professions when assessing the clinical
acceptability. Radiographs have a higher chance of being
considered less clinically acceptable if the observer (of
either profession) deems the delivered dose (i.e. detector
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exposure) to be inappropriate. This correlation is stronger 13. Higgs J, Jones M, Higgs J. Clinical reasoning. Clinical
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